
NASA TECHNICAL TRANSLATION 
. 

NASA TT F-13,089 

THE PERIODIC MOVEMENTS OF THE PRIMARY LEAVES 
OF CANAVALIA ENSIFORMIS 

G. Brouwer 

Translation of "De Periodieke Bewegingen van de Primaire 
Bladeren bij Canavalia Ensiformis," Doctoral 

Dissertation, Amsterdam, H. J. Paris, 
1926, 120 p .  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 20546 AUGUST 1970 



i 

NASA TT F-13,089 

THE PERIODIC MOVEMENTS OF THE PRIMARY 

LEAVES OF THE SPROUTS OF 

CANAVALIA ENSIFORMIS 

Doctoral Thesis in Physics and Mathematics written for 

the State University, Utrecht, under Rector Magnificus, 

Professor J. Ph. Suyling, of the Faculty of Jurisprudence, 

by decision of the University Senate for acceptance by 

the Faculty of Physics and Mathematics, to be defended on 

Monday, 25 January, 1926, at 4:00 P.M. by 

Gerrit Brouwer, 

of The Hague 



ABSTFUCT. Periodic movements of the primary leaves of the 
jackbean (Canavalia ensiformis) are investigated. After a 
discussion of previous investigations in this field, per- 
sonal investigations are described. Included in the experi- 
ments are tests involving normal curves, artificial and 
covered leaf blades, cut leaves, submerged leaves, and 
leaves with removed nodes, as well as tests employing 
differing periods of constant and alternating light and 
darkness. The hypothesis that an unknown factor in the 
atmosphere affects the nodes of plants, which induce turgor 
changes causing periodic movements in the leaves is presented 
and defended. Results of clinostat tests are examined, and 
main conclusions are summarized. 
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PREFACE 

This i n v e s t i g a t i o n  i n i t i a l l y  s t a r t e d  wi th  a number of  t e s t s  I made 

i n  t h e  Botanical  Laboratory i n  Utrecht  i n  1922. 

I chose t h i s  sub jec t  f o r  my d i s s e r t a t i o n  on t h e  advice of Prof .  D r .  

F. A. F. C. Went. 

However, because of my job i n  secondary education a t  The Hague, it was 

impossible f o r  me t o  complete t h e  i n v e s t i g a t i o n  a t  Utrecht .  

Prof.  D r .  G. van I t e r s o n ,  Jr., however, was very kind t o  le t  me work 

a t  t h e  Laboratory of Technical Botany i n  D e l f t ,  and I accepted t h i s  opportuni ty 

wi th  t h e  approval of Prof.  Went. 

I n  t h e  summer of 1925 I repeated a number of  t e s t s ,  which I had made 

i n  D e l f t ,  i n  t h e  Utrecht  Laboratory f o r  comparison. 
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*Plate 1. Pl7 (left) with stalk weight. 
PI71 (right) without stalk weight. 
12 December 1924, 2:30 P.M. 

Plate 2. Pl7. After removal of stalk weight. 
16 December 1924, 2:30 P.M. 

* Translator's Note: Figures are not reproducible. 



CHAPTER I 

Review of t h e  L i t e r a t u r e  

We can e a s i l y  observe t h e  phenomenon t h a t  leaves  and f lowers  assume 

d i f f e r e n t  p o s i t i o n s  i n  t h e  evening than  during the  day. The compound leaves  

of a c a c i a ,  f o r  i n s t a n c e ,  f o l d  up t h e i r  l e a f l e t s  a t  t h i s  t ime upwards aga ins t  

each o t h e r .  On a  f i e l d  of beans ( ~ h a s e o l u s  spec . ) ,  we can a l s o  s e e  t h a t  toward 

t h e  evening t h e  l e a f l e t s  a r e  s t a r t i n g  t o  droop. Moreover, movements a r e  o f t e n  

c a r r i e d  ou t  by s t a l k s .  

Many f lowers ,  such a s  t u l i p s ,  c rocus ,  and many composites,  c l o s e  up i n  

t h e  evening,  and reopen i n  t h e  morning. 

It became evident  t h a t  i n  some cases  t h e  cause is t h e  t r a n s i t i o n  of 

l i g h t  i n t o  darkness ,  o r  a  temperature change. So, t h e  d i r e c t i o n  of  t h e  l i g h t  

has no in f luence  here.  

Therefore,  w e  do not  speak of  t rop ism,  b u t  of a  n a s t i c  movement. And 

because t h e  change of day and n igh t  p l ays  such a g r e a t  r o l e  h e r e ,  we speak of 

a  nyc t inas ty .  

Now then ,  t h e  movement of t h e  organ r e l a t i n g  t o  t h i s  could be caused by 

an uneven growth of t h e  upper and lower s i d e ,  o r  a  d i f f e r e n t  t u r g o r  of  t h e  

two s i d e s .  In  t h e  f i r s t  c a s e ,  we speak of a  growth o r  n u t a t i o n  movement; i n  

t h e  second case ,  we speak of a  v a r i a t i o n  movement. 

The nu ta t ion  movement ceases ,  of course ,  a s  soon a s  t h e  organ is f u l l y  

developed; t h e  v a r i a t i o n  movement, on t h e  o t h e r  hand, cont inues.  Here, almost 

always t h e  movements a r e  c a r r i e d  out  by s p e c i a l  organs,  t h e  " j o i n t s . "  

This is c l e a r l y  demonstrated on the  leaves  and l e a f l e t s  of many Leguminosae 

and Oxalidaceae (Handgirg) [171. 

We f i n d  nu ta t ion  movements i n  Alsineae,  Compositae, Solaneae, and Balsam- 

inaceae , among o t h e r s  (Ba ta l in )  [ 21. 

A l l  t h e s e  movements a r e  caused by ex te rna l  s t i m u l a t i o n ,  such a s  change i n  

l i g h t  o r  i n  temperature.  Therefore,  we t ake  them toge the r  r i g h t l y  a s  para- 

t o n i c  movements, as compared t o  spontaneous o r  autonomous movements t h a t  a r e  

( appa ren t ly )  independent from t h e  e x t e r n a l  environment, bu t  a r e  supposed t o  

* Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  fo re ign  t e x t .  



be caused by i n t e r n a l  f a c t o r s ,  A well-known example of t h i s  is Desmodium gyrans, 

t h e  l e a f l e t s  of which make constant ly  revolving movements. 

We w i l l  now pass  on t o  an approximately chronological discussion of t h e  

a r t i c l e s  which have a  bearing on t h i s  subject .  

It is  not amazing t h a t  P l i n i u s  [331 had already pointed out t h e  phenomenon 

of l ea f  movement. He saw t h a t  l e a f l e t s  of c lover  s t a r t e d  t o  droop i n  an on- 

coming thunderstorm. Q u i t e  l i k e l y  he had a l s o  known t h e  d a i l y  s l eep  movements. 

Yet it was not u n t i l  1751 t h a t  Linnaeus [241 named t h i s  phenomenon "plant 

s leep .  " 
Thereaf ter ,  var ious  authors t r i e d  t o  s e t  up a  theory t o  explain t h i s  

pecu l i a r  behavior. With t h e  a id  of a  piece of cardboard upon which a  90' 

angle divided i n t o  degrees was drawn, t h e  pos i t ion  of t h e  l ea f  with respect  

t o  t h e  v e r t i c a l  is measured more o r  l e s s  many t imes a  day. These po in t s  a r e  

then p lo t t ed  on paper and connected by a  s t r a i g h t  l i n e .  Thus, we obta in  i n  

o u t l i n e  a  general view of t h e  movements made. It was not  u n t i l  1907 t h a t  P f e f f e r  

used t h e  self-recording method. 

H i l l  [I81 was t h e  f i r s t  who announced, i n  1757, t h a t  t h e  d a i l y  v a r i a t i o n  

of l i g h t  and darkness was t h e  cause of s l e e p  movements. 

Zinn C561 (1759) could not confirm t h i s  by h i s  t e s t s ,  and the re fo re  assumed 

i n t e r n a l  f a c t o r s  a s  causes. 

In  1806, De Candolle [lo1 made t e s t s  with a r t i f i c i a l  i l luminat ion ,  and 

from these  he concluded t h a t  changing i l luminat ion  is of t h e  g rea tes t  importance 

i n  t h e  development of s l eep  movements. However, he could not d e f i n i t e l y  estab- 

l i s h  whether t h e  l i g h t  i t s e l f  was t h e  i n i t i a t i n g  case  of nyct inas ty ,  o r  jus t  

he red i t a ry  c h a r a c t e r i s t i c s  f ixed i n  t h e  p lan t  t o  ca r ry  out per iodic  movements 

arranged i n  a  c e r t a i n  manner. 

In  1837, Dutrochet [141 came t o  t h e  conclusion t h a t  l i g h t  has a  double /3 - 
s ign i f i cance  f o r  t h e  occurrence of t h e s e  movements. Whenever, a s  a  r e s u l t  of 

constant  darkness, a  r i g i d i t y  ("darkness r i g i d i t y n )  develops, and then l i g h t  

is provided again,  t h i s  i s  supposed t o  make t h e  sens i t iveness  r e t u r n ,  while, 

i n  addi t ion ,  it is a l s o  t h e  cause of movement. A decrease i n  t h i s  sens i t ive -  

ness i n  t h e  evening is supposed t o  cause t h e  s l e e p  condit ion.  

Dassen C131 (1837) seems t o  assume a  cause of movement f ixed by heredi ty ,  



while being heavily influenced by external  s t imul i .  It  i s  a l s o  pecu l i a r  t h a t ,  

according t o  t h i s  author, l i g h t  should have very l i t t l e  inf luence ,  while hea t  

and humidity should exerc ise  a very great  influence. 

Meyer [25] was successful  i n  1839 i n  reversing t h e  d a i l y  cycle  by a r t i f i c i a l  

i l luminat ion  so  t h a t  t h e  leaves  were i n  a dayl ight  pos i t ion  i n  t h e  evening, 

and drooped i n  t h e  morning hours. 

Brucke C91 (1848) thought t h a t  t h e  movement c a r r i e d  out a s  a consequence 

of s t imula t ion  by l i g h t  o r  heat  may be s i m i l a r  i n  its expression t o  t h e  d a i l y  

s l eep  movement, but t h a t  it is sti l l  d i f f e r e n t  by nature.  

Sachs C351 found i n  1857 t h a t  t h e  function of t h e  node is such t h a t  when 

one hal f  of it shows an increase  i n  t h e  tu rgor ,  t h e  o the r  ha l f  w i l l  have a 

decrease of pressure. 

Later  (1863) [361 he came t o  t h e  conclusion t h a t  p l a n t s  have an a b i l i t y  

of movement t h a t  is es tabl i shed by heredi ty ,  which, however, should occur i n  

d e f i n i t e  r e g u l a r i t y  by a l t e r n a t i n g  i l lumination.  

Hofmeister [I91 (1862) agreed with t h e  ideas  of Sachs. A s  f a r  a s  t h e  

mechanism of movements i n  t h e  node is concerned, he cons iders  it a s  a spec ia l  

case  of " t i s s u e  t ens ion , "  which he  discovered. 

I n  1866, B w t  [41 gave a very hypothetic explanation about t h e  o r i g i n  of 

t h e  s l e e p  movements. He assumed t h a t  they a r e  formed under t h e  influence of 

substances determined by l i g h t ,  which then were supposed t o  be converted i n  

t h e  evening i n t o  an endosmotic form. Thereby a change is supposed t o  occur /4 - 
i n  turgor  which r e s u l t s  i n  l e a f  drooping. 

Bata l in  [21 (1873) found t h a t  t h e  movement of p e t a l s  occurs through uneven 

growth. However, he thought erroneously t h a t  these  explanations should a l s o  

be v a l i d  f o r  t h e  movement which is caused by t h e  nodes. 

The f i r s t  thorough, fundamental study of nyct inas ty  appeared i n  1875, 

w r i t t e n  by Pfe f fe r  E281. I w i l l  b r i e f l y  r epor t  t h e  most outstanding f a c t s  of 

t h i s  study. Through h i s  inves t iga t ions  i n  1907 with t h e  self-recording method, 

he comes t o  t h e  same conclusions. There I s h a l l  f u r t h e r  pursue t h e  subjec t .  

By reduction of i l luminat ion ,  an increase  fol lows;  by increase  of i l luminat ion ,  

a lowering i n  turgor  pressure  fol lows i n  t h e  nodes i n  both antagonis t ic  halves 

simultaneously and i n  a s i m i l a r  d i r e c t i o n  ( t h a t  is ,  e i t h e r  i n  both an increase  



o r  i n  both a  reduction '!in t h e  same d i r e c t i o n " ) ,  but with d i f f e r e n t  speeds. 

P fe f fe r  had thus  a  d i f f e r e n t  opinion about it than Sachs had i n  1857. 

Alternat ing i l lumination exerc ises  a  stimulus upon t h e  leaf  whereby it 

is going t o  droop, and then r i s e  again a f t e r  some time. When constant l i g h t  

o r  constant  darkness fol low, t h i s  s t imulus w i l l  remain i n  ac t ion  f o r  some 

time i n  t h e  form of s t e a d i l y  diminishing a f t e r e f f e c t s .  

However, every day more new st imulus is added and by t h e  i n t e r a c t i o n  of 

a f t e r e f f e c t s  and new s t imul i ,  d a i l y  movements w i l l  occur. 

I n  constant  l i g h t  o r  darkness, t h e  movements become l e s s ,  f i n a l l y  t o  cease 

en t i r e ly .  The d a i l y  a l t e r n a t i o n  of l i g h t  and darkness is t h e r e f o r e ,  according 

t o  P f e f f e r ,  not t o  be considered a s  a  pe r iod ic i ty  of an a b i l i t y  which is f ixed 

e n t i r e l y  by heredi ty ,  but it may be considered a s  t h e  d i r e c t  cause of per iodic  

movements . 
The autonomous movements which a r e  continuously ca r r i ed  out  a r e  e n t i r e l y  

independent of t h e  d a i l y  per iodic  movements. Thus they c o n s t i t u t e  the  t h i r d  

type of movement p o s s i b i l i t y ,  which P f e f f e r  dist inguished.  

Charles Darwin [I21 was a l s o  in te res ted  i n  s l eep  movements of d i f f e r e n t  

p lants .  H e  attempted t o  f i n d  out  i t s  use f o r  t h e  p l a n t s ,  and then came t o  / 5  - 
t h e  conclusion t h a t  t h e  v e r t i c a l  pos i t ion  during t h e  night  is supposed t o  

p ro tec t  t h e  leaves  agains t  too g rea t  r ad ia t ion .  He demonstrated by t e s t s  t h a t  

when t h e  leaves  were forced t o  remain i n  a  hor izonta l  pos i t ion  a t  n ight ,  they 

had much more t o  s u f f e r  from t h i s  r ad ia t ion .  

Through t h e  inves t iga t ions  of P f e f f e r  i n  1875, Darwin became convinced 

of t h e  f a c t  t h a t  t h e  a l t e r n a t i o n  of day and night  is t h e  cause of s l eep  move- 

ments. Yet he  th inks  t h a t  t h i s  a l t e r n a t i o n  occurs perhaps more pe r iod ica l ly ;  

f o r ,  i n  the  morning hours, when it is still dark, t h e  leaves  again go upwards, 

when t h e  l i g h t  is still unable t o  make i ts influence f e l t .  Moreover, some 

leaves  a r e  s t i l l  making movements i n  t h e  dark f o r  a  whole day (!).  He is unable 

t o  agree with P f e f f e r ' s  "a f t e re f fec t s ,  f '  Thus, he f i n d s  f o r  t h e  l ea f  movements: 

"We may conclude t h a t  t h e  p e r i o d i c i t y  of t h e i r  movements i s  inher i t ed  t o  a  

c e r t a i n  extent." 

Darwin could e s t a b l i s h  f o r  a  very l a r g e  number of leaves  t h a t  the  leaves  

c a r r y  out circumnutations. Sometimes t h e  t i p  of t h e  leaf  descr ibes  one e l l i p s e  

per  day, sometimes severa l .  Whenever t h e s e  movements become more regu la r  i n  



a number of p l a n t s  by t h e  a l t e r n a t i o n  of day and n igh t ,  nyc t inas t i c  movements 

a r i s e .  

He a l s o  mentions a very extensive list of p l a n t s  whose primary leaves  

make s l eep  movements (53 p l a n t s ) ,  while f o r  86 spec ies  he s t a t e s  t h a t  t h e  

leaves show n y c t i n a s t i c  movements. 

Darwin experimented with almost a l l  t h e s e  p l a n t s ,  s o  t h a t  he himself was 

able  t o  determine t h e  most prominent c h a r a c t e r i s t i c s  f o r  every species.  Although 

nowadays w e  contemplate geotropy, phototropy, nyct inas ty ,  and o the r  movements 

i n  p l a n t s ,  nothing more than modified circumnutation a s  f a r  a s  Darwin is con- 

cerned was known; we a r e  s t i l l  g rea t ly  amazed about t h e  enormous work which 

t h i s  exceptional  inves t iga to r  of na ture  produced with respect  t o  t h i s  problem, 

too. 

In  1891, A. Fischer [I51 published h i s  t e s t s  on t h e  e f f e c t  of g rav i t a t ion  

on t h e  movement of leaves. Whenever he made t h e  leaves  t u r n  around t h e  hor izonta l  

axis of a c l i n o s t a t ,  t h e  s l eep  movements apparently decreased i n  i n t e n s i t y  next - /6 
morning, and a f t e r  a few days they ceased e n t i r e l y .  After t h e  leaves were 

brought back i n t o  t h e i r  normal pos i t ion ,  a f t e r  24 hours t h e  movements were 

again completely equal t o  those  seen a t  t h e  s t a r t  of t h e  t e s t .  

I f  Phaseolus p l a n t s  a r e  s e t  down upside down, t h e  s l eep  movements a r e  

a l s o  reversed. On t h e  other  hand, when he placed Cassia inverse ly ,  s l e e p  

movements continued normally. 

Therefore he d i s t ingu i shes :  A) Geonyctotropic leaves. The s leep  movements 

r eve r se  when t h e  p lan t  is placed inversely.  Phaseolus spec., Lupinus a lbus ,  

Gossypium, and o t h e r s ,  belong t o  t h i s  category. 

B) Autonyctotropic p lants .  The s l eep  movements a r e  normal when reversed. 

To t h i s  group belong, among o the r s ,  Trifolium pra tense ,  Acacia spec., Mimosa 

sp., Cassia sp., Oxalis sp., and Biophytum sp. 

Thus, according t o  Fischer ,  s l eep  movements a r e  caused not only by a l t e r -  

nat ion of l i g h t  and darkness, but a l s o  by u n i l a t e r a l l y  ac t ing  g rav i t a t ion .  

This geotropic induction is not  supposed t o  be necessary every day t o  br ing  

about t h e  nyc t inas t i c  movements. For i f  they  a r e  eliminated by l e t t i n g  t h e  

p l a n t s  r o t a t e  on a hor izonta l  a x i s  of t h e  c l i n o s t a t ,  t h e  movements cease only 

f o r  a few days, although, beginning on t h e  f i r s t  day, they a r e  decreased i n  

extent  . 



Thus Fischer does not seem t o  accept a  p e r i o d i c i t y  f ixed  by heredity.  

After P fe f fe r ,  d i f f e r e n t  inves t iga to r s  were occupied with t h e  quest ion 

of a  nyctinasty.  Among them were those who concerned themselves exclusively 

with t h e  opening and c los ing of floweiis, which, a s  was already mentioned, is 

caused by an uneven growth of t h e  two s i d e s  of f lower leaves.  Because t h e  

r e s u l t s  of t h i s  a r e  only i n d i r e c t l y  connected with l e a f  movement, I s h a l l  d i scuss  

it only br.iefly. For example, Oltmanns [261 dis t inguished a u ~ r d h ~ c h l i e s s e r "  

[ear ly-c loser]  i n  1895, which is a flower t h a t  opens i n  t h e  morning between 

6 and 7 o tc lock ,  and on b r i g h t e r  days c loses  between 9 and 10 o tc lock.  When 

i l lumination is moderate, t h i s  type remains open t h e  longes t ,  while i n  very 

strong l i g h t  o r  i n  very l i t t l e  l i g h t ,  it c loses  sooner. An  example of t h i s  /7 - 
is Tragopogon b rev i ros t re .  

Opposite t o  t h i s  a r e  t h e  " ~ ~ & k s c h l i e s s e r ~ ~  [ l a t e -c lose r s ] ,  which open i n  

t h e  morning between 7 and 9 o 'c lock,  and c lose  between 1 and 4 o tc lock ;  B e l l i s  

perennis  is an example. In  genera l ,  he found t h a t  i l luminat ion  helps opening; 

while darkness promotes c losure ,  a l b e i t  t h i s  occurs more r e a d i l y  i n  t h e  a f t e r -  

noon than during t h e  morning. I f  flowers a r e  placed i n  darkness during t h e  

day, they open e a r l i e r  than usual t h e  next morning. Oltmanns concludes from 

t h i s  t h a t  darkness can a l s o  promote opening. However, i f  t h e  p l a n t s  a r e  i l luminat -  

e d  a t  night with two Argand lamps, they w i l l  open l a t e r ,  Thus, Oltmanns shows 

t h a t  l i g h t  promotes closure.  

It i s  t r u e  f o r  a l l  flowers t h a t  they open i n  constant  l i g h t ,  and remain 

open. I n  constant  darkness, they c l o s e  and remain closed. 

We have seen t h a t  according t o  Darwin [12], t h e  benef i t  of s l eep  movements 

is supposed t o  l i e  i n  t h e  f a c t  t h a t  t h e  movements should p ro tec t  the  leaves  

agains t  s t rong cooling i n  -the warmer regions of t h e  e a r t h  and, i n  p a r t i c u l a r ,  

agains t  f r o s t  i n  t h e  spring a t  higher l a t i t u d e s .  S tah l  [431 (18971, however, 

looks f o r  another explanation. According t o  him, t h e  l e a f  w i l l  be covered 

with dew a t  n ight  because of t h e  v e r t i c a l  pos i t ion ,  whereby evaporation, and 

t h e  supply of inorganic substances,  is supposed t o  be blocked. Indeed, he 

could e s t a b l i s h  i n  numerous t e s t s  t h a t  hor izonta l  surfaces  w i l l  be bedewed more 

heavily and e a r l i e r  than v e r t i c a l  ones. He a l s o  noticed t h a t  leaves which 

mostly evaporate on t h e  underside w i l l  bend downwards i n  t h e  evening, The 

leaves  which evaporate most in tens ively  on t h e  upper s i d e  w i l l  move upwards, 



so t h a t  t h e  s i d e  evaporating most is always protected.  Oaralis, Robinia, e tc . ,  

belong t o  t h e  f i r s t  group. Medicago s a t i v a ,  Trifol ium repens, and o t h e r s  

a re  of the  second category. This can be  d i f f e r e n t  even within a genus; thus  

Impatiens p a r v i f l o r a  belongs t o  t h e  f i r s t ,  while I. glanduligera belongs t o  

t h e  second group. 

Thereaf ter ,  i n  1897, we f i n d  a d e t a i l e d  a r t i c l e  by Jos t  C201 on t h e  per iodic  

movements of t h e  leaves of Mimosa pudica. H i s  t e s t i n g  arrangement was such /8 - 
t h a t  he kept  t h e  topmost p a r t  of t h e  p l a n t s  i n  a l a r g e  light-proof box ( fas tened 

with cork and wax) and then made t e s t s  a t  d i f f e r e n t  temperatures and i l luminations.  

In  t h i s  manner, he obtained thoroughly e t i o l a t e d  leaves.  The lowest leaves ,  

which w e r e  not kept i n  t h e  box, could continue t o  ass imi la te .  He does not 

mention what arrangement was made f o r  moisture and a i r  refreshment. When 

f r e e  green leaves were kept  i n  t h e  dark f o r  a whole morning, he observed t h a t  

they open much l a t e r  than t h e  o the r s ,  but he sees  no d i f fe rence  i n  movement 

i n  t h e  leaves  i n  t h e  box. J o s t  thus  argues t h a t  t h e r e  is no stimulus-conducting 

p lace  from one l ea f  Po t h e  other .  

He found i n  h i s  temperature t e s t s  t h a t  r ap id  walming from 2 0 O  t o  38OC 

was followed by a c losure  of leaves. They remained closed a t  noon; however, 

i n  t h e  morning hours they open even a t  t h e  higher temperature. He asc r ibes  

t h e  cause of per iodic  movements t o  t h e  every-day change i n  temp.erature; because, 

when he kept t h e  temperature a r t i f i c i a l l y  high a t  n igh t ,  and lower during day- 

l i g h t ,  t h e  leaves assumed a d iurnal  pos i t ion  a t  n igh t ,  and a s l eep  pos i t ion  

i n  t h e  morning. 

Generally, warming a c t s  a s  an increase  i n  i l lumination.  The leaves open; 

and v i c e  ve r sa ,  t h e  leaves c lose  a t  cooling and darkening. Yet, r ap id  and 

high heat ing has another sequela from t h a t  described above. I s h a l l  quote here  

word f o r  word J o s t ' s  complicated and very twisted hypothesis f o r  t h e  explanation 

of nyct inas ty :  "After t h e  leaves opened during t h e  ea r ly  morning hours, they 

t r a n s f e r  t o  t h e  n ight  pos i t ion  a s  a r e s u l t  of a temperature r i s e .  If t h i s  

temperature increase  occurs not too  e a r l y ,  then t h e  c losure  which it w i l l  cause 

w i l l  be a l a s t i n g  one. However, it i f  occurs ea r ly  o r  r ap id ly ,  t h e  tendency 

of the  l e a f  t o  keep t h e  l e a f l e t s  i n  a d iurnal  pos i t ion  can be overcome f o r  some 

time. However, an opening movement occurs soon a f t e r  t h i s  f i r s t  c losure ,  but 

one which w i l l  never put t h e  l e a f l e t s  i n t o  pos i t ive  d iurnal  posi t ion.  When 



t h e  temperature continues t o  r i s e ,  t h e  l e a f l e t s  remain closed,  o r  c lose  anew, /9 

respect ive ly .  And t h e  cooling t h a t  starts toward t h e  evening w i l l  not i n i t i a l l y  

change anything. Only when cooling l a s t s  longer,  and has a g rea te r  i n t e n s i t y ,  

a t r a n s i t i o n  in to  t h e  d iurnal  pos i t ion  w i l l  occur next morning." 

We can see  t h a t  it is not simple. For t h a t  mat ter ,  with t h e  whole method 

of experimentation something and another is c e r t a i n l y  t o  be found fau l ty .  

I l lumination and warming i n  a considerably small box, i n  case of such highly 

s e n s i t i v e  p l a n t s  a s  Mimosa pudica, must bring r e s u l t s  which unequivocally 

could be subjec t  t o  doubt. 

The following year  we f i n d  a publ ica t ion  of Jos t  C211 (1898) on t h e  

n y c t i n a s t i c  movements of pe ta l s .  P fe f fe r  and Oltmanns found t h a t  flowers 

open t o  a c e r t a i n  l i m i t  when t h e  temperature r i s e s ,  from which they w i l l  c l o s e  

again although t h e  temperature increases  f u r t h e r .  Jost  checked t h i s  f ind ing  

and a l s o  f i n d s  t h a t  a r eve r se  movement of t h e  p e t a l s  fol lows a f t e r  every flower 

opening caused by r i s i n g  temperature, when t h i s  higher temperature remains 

constant ,  This r eve r se  movement may l a s t  f o r  hours, without,  never the less ,  

leading t o  a complete closure.  When a temperature increase  occurs again,  during 

t h i s  reverse  movement, the  l e a f l e t s  start t o  open again,  e t s .  'Shus we can 

gradually bring about a continuous opening. A t  a higher temperature, d i f f e rences  

must a l s o  be l a rge r .  

J o s t  a l s o  c a r r i e d  out  a few t e s t s  on t h e  mechanism i n  t h e  stem nodes of 

Mimosa. W e  have seen t h a t  P f e f f e r  assumed t h a t  t h e  upper and lower s i d e  of 

stem nodes r eac t  a l ike .  J o s t  f i n d s ,  however, t h a t  when he c u t s  away one ha l f  

of it ,  i.e., t h e  upper o r  t h e  lower h a l f ,  t h e  l e a f  movement remains unchanged. 

But &his  is only poss ib le  when both s i d e s  of t h e  stem node (geniculum) respond 

unequally t o  1 igh t  and darkness. 

Many other  i n v e s t i g a t o r s  have t r i e d  t o  explain t h e  mechanism of l e a f  

movements. Thus, i n  1898 Schwendener [381 comes t o  t h e  conclusion t h a t  t h e  /lo 
-.li 

two halves of t h e  stem node respond i n  an opposi te  d i rec t ion .  

Pan tane l l i  C271 (1901) however, is of t h e  opinion t h a t  t h e  two node halves 

show a s i m i l a r  response, f o r  when only t h e  upper half  i s  present ,  a movement 

occurs which is s imi la r  t o  t h e  one i n  t h e  p lant  a s  a whole. I f  only t h e  lower 

ha l f  is present ,  then t h e  reverse  movement occurs. P fe f fe r  found t h a t  turgor  

movements a r e  supposed t o  run i n  t h e  same d i r e c t i o n ,  but with uneven speed. 



A s  a r e s u l t ,  t h e  l ea f  should r e t u r n  by i t s e l f  t o  t h e  daylight  pos i t ion  i n  the  

morning (when t h e  pressure becomes again equal i n  t h e  two halves of t h e  stem 

node). Pantanel l i  cannot f i n d  t h i s  r e tu rn ,  so  he r e j e c t s  t h i s  p a r t  of P f e f f e r l s  

theory,  

In 1904, Wiedersheim [55] i n s t i t u t e d  extensive research i n t o  t h i s  question. 

J u s t  a s  P fe f fe r ,  he f i n d s  t h a t  a s  a r e s u l t  of darkening, turgor  increases  a t  

t h e  upper s i d e ,  followed by an increase  i n  t h e  pressure on t h e  lower s i d e ,  

whereby t h e  l e a f  r e t u r n s  again t o  its s t a r t i n g  point .  

The d i f fe rence  between P f e f f e r ,  on t h e  one s i d e ,  and Jost  and Schwendener 

on t h e  o the r ,  is a d i f fe rence  i n  t h e  cut-away according t o  Wiedersheim. When 

he c u t s  away t h e  node up t o  ha l f  of t h e  vascular  bundle, he obta ins  t h e  r e s u l t  

of P f e f f e r ;  with a l e s s  deep c u t t i n g ,  he obta ins  t h e  same f ind ings  a s  Jos t  

and Schwendener. In Impatiens, he keeps t h e  leaves hor izonta l  with a 

weight, and then looks f o r  what kind of e f f e c t  an a l t e r n a t i o n  of l i g h t  and 

darkness has  upon t h e  growth of t h e  upper and lower s i d e  of t h e  l e a f .  The 

upper s i d e  starts t o  grow quicker f i r s t ,  then t h e  lower s i d e  fo l lows,  with 

t h e  r e s u l t  t h a t  t h e  midzone a l s o  experiences an acce le ra t ion  i n  growth. Thus, 

he was a b l e  t o  determine t h e  normal s l eep  movements and found t h a t  two hours 

a f t e r  t h e  start of darkness, growth accelera t ion  of t h e  upper s i d e  stopped; 

meanwhile, t h r e e  t o  four  hours l a t e r  t h e  lower s i d e  began t o  grow more rap id ly ,  

with t h e  r e s u l t  t h a t  i n  morning around f i v e  o ' c lock  t h e  leaves were again 

back t o  t h e i r  s t a r t i n g  point .  

Then he made t h e  same thermonastic t e s t s  with t u l i p s  and found again:  

f i r s t  growth accelera t ion  of  t h e  upper s i d e ,  with t h e  lower s i d e  growing /11 - 
slowly. Following was t h e  r eve r se ,  delayed growth on t h e  upper, accelera ted  

growth on t h e  lower s i d e  ( t h e  temperature r i s e s  from 5' t o  29OC), and i n  t h e  

midzone, double accelera t ion .  

With t h e  a id  of graphics,  he manages t o  show these  r e s u l t s  c l e a r l y .  

In  1904, a very remarkable book by R. Semon C391 was published, e n t i t l e d  

The Mneme a s  Conserving Pr inc ip le  i n  t h e  Exchange of t h e  Organic Process. He 

starts with t h e  following theory:  when an individual  encounters one o r  another 

s t imulus ,  it w i l l  always a f f e c t  a change. He c a l l s  t h i s  t h e  engraphic operat ion 

of t h e  st imulus,  and t h e  supposed change on the  organism is c a l l e d  an "engram." 



Then, when t h e  same st imulus a f f e c t s  t h i s  individual  once more, with one engram 

already p resen t ,  t h i s  second st imulus may be l e s s  s trong t o  cause a s i m i l a r  

response. These engrams a l s o  can pass on t o  descendants, This  expla ins  what 

u n t i l  now we had c a l l e d  "hereditary predes t ina t ion .  'I It is a l s o  very important 

t h a t  t h e  phenomena t ake  p lace  i n  t h e  usual manner whenever t h e  condi t ions  a r e  

not  e n t i r e l y  and f u l l y  s a t i s f i e d .  This ,  then ,  is supposed t o  be t h e  g rea t  

d i f f e rence  between t r u e  rnnemic and non-mnemic phenomena. 

According t o  Semon, a l l  organisms have t h e  capacity t o  absorb engrams. 

He c a l l s  t h i s  c h a r a c t e r s i t i c  "mneme." 

He then at tempts t o  explain a l l  poss ib le  physiological problems with h i s  

theory. 

In  1905 [40], he used h i s  mneme theory a s  an explanation of nyctinasty.  

He t r i e d  t o  r e v e r t  o r  change t h e  d a i l y  cyc le  of Acacia sprouts  through a r t i f i c i a l  

i l luminat ion ,  f o r ,  he says ,  when t h i s  is  done with success,  t h i s  is a proof 

f o r  t h e  engraphic operat ion of s t imul i  upon plants .  However, he d i d  not 

succeed i n  inducing a period of 24 hours with sprouts  of Acacia lophanta,  o r  

with sprouts  of Mimosa pudica. He a l t e r n a t e l y  provided 24 hours of l i g h t ,  24 

hours of darkness. The l i g h t  i n t e n s i t y  was 25 candles. However, he explained 

t h i s  negative r e s u l t  by assuming t h a t  t h e  engrams of t h e  d a i l y  movement o f f e r  - /12 

t o o  much r e s i s t a n c e ,  and t h a t  they have a long dura t ion  of e f f e c t .  

Then he s t a r t e d  t o  grow p l a n t s  from seed under a l t e r n a t i n g  i l luminat ion  

condi t ions ,  but  not  according t o  t h e  normal d a i l y  period. A s  soon a s  these  

p l a n t s  had developed t o  t h e  s t age  where they c a r r i e d  out d i s t i n c t  movements, 

they were brought i n t o  constant  l i g h t  o r  darkness. In  a l l  t hese  cases ,  Semon 

s t a t e d  t h a t  leaves  had d e f i n i t e  12  hour periods,  although they had never been 

under s i m i l a r  condit ions.  

Even during in te rmi t t en t  i l luminat ion  of 6 o r  24 hours, t h e  12  hour period 

was well v i s i b l e .  

He s t a t e s  t h a t  when leaves have l o s t  t h e i r  m o t i l i t y  by constant  condi t ions ,  

they became insens i t ive  t o  s t i m u l i  a t  t h e  same time, This is i n  con t ras t  t o  

t h e  f ind ings  of P fe f fe r ,  who found t h a t  when " l igh t  o r  darkness r i g i d i t y "  

occured by darkening o r  i l luminat ion ,  r e spec t ive ly ,  a powerful response is 

c a r r i e d  out.  



Semon assumes t h a t  periodic movement i s  he red i t a ry ,  whereas according t o  

P fe f fe r ,  t h e  a b i l i t y  t o  respond t o  a l t e r n a t i n g  i l luminat ion  with a per iodic  

movement is hered i t a ry  . 
The following w i l l  give us an idea  about Semonls method of experimentation. 

The t e s t s  were made i n  a daak box, where t h e  temperature could not  be kept  con- 

s t a n t  and humidity was not taken i n t o  cons idera t ion ,  while l igh t ing  was constant  

with a 10-candle lamp!! How of ten  pe r  day, and how he determined t h e  pos i t ion  

of t h e  l e a f ,  e spec ia l ly  i n  constant  darkness, is not indicated.  

For t h e  sake of c l a r i t y ,  I s h a l l  d iscuss  t h e  a r t i c l e s  of  P fe f fe r  and 

Semon one a f t e r  t h e  o ther .  The proceedings of o the r  inves t iga to r s  w i l l  be 

discussed t h e r e a f t e r .  

A far-reaching,  important work of P fe f fe r  C291 on t h e  n y c t i n a s t i c  move- 

ments was published i n  1907. This ushered i n  an e n t i r e l y  new period i n  

inves t iga t ions ,  f o r  now Pfe f fe r  used a method whereby a l l  movements of t h e  

organ were recorded by means of an ind ica to r  on t r e a t e d  paper i n  a kymograph. 

An extensive d iscuss ion of t h i s  method can be found on page 34 of t h i s  work. /l3 - 
During t h e  d iscuss ion -of my own inves t iga t ions  I s h a l l  have t h e  opportunity 

t o  repeatedly point  out  addi t ional  d e t a i l s  from t h e  work of P fe f fe r .  Let it 

be s u f f i c i e n t  here  t o  g ive  t h e  most important r e s u l t s .  

The s l eep  movements a r e  responses which a r e  caused by t h e  d a i l y  a l t e r n a t i o n  

of l i g h t  and darkness ( o r  of temperature, f o r  f lowers) .  

They cease gradual ly  a t  constant  l i g h t  o r  constant  darkness. However, 

t h e  p l a n t s  remain ab le  t o  r e a c t ,  a s  appeared i n  t h e  t e s t s .  The same is  t r u e  

whenever p l a n t s  a r e  grown e n t i r e l y  i n  constant  l i g h t :  they show no t r a c e  of 

per iodic  movements, but they c e r t a i n l y  a r e  ab le  t o  r eac t .  

The s l eep  movements of leaves  of Phaseolus, f o r  ins tance ,  a r e  photonast ic  

responses, i .e . ,  caused by t h e  a l t e rna t ion  of l i g h t .  Consequently, it is 

poss ib le to  s h i f t  t h e  d i r e c t i o n  of movement quickly by 12 hours, so  t h a t  leaves  

come i n t o  dayl ight  pos i t ion  i n  t h e  evening, and i n t o  night  pos i t ion  i n  t h e  

morning. 

( P f e f f e r  does not mention t h e  employed l i g h t  i n t e n s i t y ;  he only ind ica tes  

t h a t  he worked with 4 tantal ium lamps.) 

The l e a f l e t s  of a l b i z z i a  and mimosa respond immediately, both t o  a reduction 



and t o  an increase  i n  i l lumination.  The drooping of t h e s e  l e a f l e t s  i n  t h e  

evening should the re fo re  be a d i r e c t  sequela of t h e  a r r iv ing  darkness, 

According t o  P fe f fe r ,  Phaseolus r e a c t s  exclusively t o  i l luminat ion ,  with 

t h e  response beginning a few hours a f t e r  t h e  s t a r t  of s t imulus,  Accordingly, 

t h e  l i g h t  i n  t h e  morning should be t h e  cause t h a t  t h e  leaves  assume t h e  s l eep  

pos i t ion  i n  t h e  evening. 

We must not imagine t h a t  one o r  another sudden disturbance is supposed t o  

occur i n  t h e  p lan t  by t h e  t r a n s i t i o n  of l i g h t  i n t o  darkness, o r  v ice  versa ,  

but t h a t  gradually a  new equil ibrium is obtained,  which matches t h e  changing 

l i g h t  o r  temperature condit ions.  

Yet, P fe f fe r  must draw t h e  conclusion from h i s  t e s t s  t h a t  i n  leaves of 

Phaseolus and many o the r s ,  a  tendency is  present  f o r  assuming an approximately 

12:12 rhythm of movement. Even when leaves have assumed an 18-hour period a s  - /14 

a r e s u l t  of a r t i f i c i a l  i l luminat ion  (18 hours of l i g h t  and 18 hours of darkness) ,  

and t h e r e a f t e r  a r e  subjec t  t o  constant  condi t ions ,  t h e  r e s idua l  swingings a r e  

supposed t o  t ake  up once more t h e  normal rhythm. 

That t h e  autonomous movements a r e  independent of t h e  s l eep  movements, is 

evident according t o  Pfeff  e r  from t h e  f a c t  t h a t  t h e  l a t t e r  cease  i n  constant  

l i g h t  o r  darkness, while t h e  former continue t o  go on, o f t en  with a g rea te r  

amplitude. The autonomous movements a r e  due t o  an inherent ly  present  m o t i l i t y ,  

but they a r e  almost completely covered up by t h e  s l eep  movements, so t h a t  they 

become apparent o f t en  only a f t e r  t h e  l a t t e r  have disappeared under constant  

condit ions.  

Although i n  t h i s  document P f e f f e r  s t rongly  d i spu tes  Semon's concept t h a t  

nyct inas ty  is a property f ixed by heredi ty ,  w e  s t i l l  have the  impression 

he doubts it i n  some way. This shows, f o r  ins tance ,  i n  h i s  above-mentioned 

remark about t h e  normal r e s idua l  swingings of d i f f e r e n t l y  i l luminated p lan t s .  

Of course, Semon did not  leave t h i s  document of P fe f fe r  without an answer, 

t h e  more so  because Pfe f fe r  made a r a t h e r  sharp c r i t i c i s m  about h i s  l e s s  exact 

method of experimentation. 

Semon, a s  one would expect,  d i d  not attempt t o  s trengthen h i s  arguments 

by more and more r e l i a b l e  t e s t s ,  but declared i n  a de ta i l ed  a r t i c l e  i n  1908 

[41] t h a t  t h e  t e s t s  of P fe f fe r  a r e  very n ice ly  i n  corroborat ion with h i s  ( i , e . ,  



Semonfs) theor ie s .  Although he allows t h a t  P f e f f e r  uses a  s t ronger  l i g h t  

source and a b e t t e r  method, t h e  disadvantage of the  "strang" l i g h t  (25 candles)  

i s  t h a t  by such a powerful in tervent ion  t h e  inherently present  per iodic  m o t i l i t y  

is d i r e c t l y  suppressed, while by h i s  weak l i g h t  it can manifest i t s e l f .  

The self-recording method is,  according t o  Semon, unsui table  f o r  t h e  

sprouts  of Acacia and Mimosa, which he used, because t h e  l e a f l e t s  a r e  par t icu-  

l a r l y  d e l i c a t e ;  he would sooner use t h e  angle reading method, r ega rd less  of 

how t i r i n g  it is. 

He did not  want t o  e l iminate  t h e  heat  funct ion  of t h e  l i g h t  r ays ,  because /15 - 
" th i s  way t h e  condit ions were c l o s e r  t o  na tu ra l  conditions." 

According t o  Semon, t h e  g rea tes t  d i f f e rence  between h i s  and P f e f f e r l s  

experiments is t h a t  P f f e r ,  by using Acacia and Mimosa, always worked with 

l a r g e  p l a n t s ,  which had already been exposed f o r  some time t o  t h e  a l t e r n a t i o n  

of l i g h t  and darkness, while he used p lan t s  which were grown from seed under 

abnormal condit ions.  P f e f f e r  suppressed f i r s t  t h e  m o t i l i t y  with constant  l i g h t ,  

and then,  with much s t ronger  l i g h t ,  induced another period which d id  not  end 

i n  a  normal rhythm. Thus, says Semon, i f  P f e f f e r  had used t h e  same test con- 

d i t i o n s  a s  he,  then P f e f f e r  should have obtained t h e  same r e s u l t .  This  seems 

t o  be t h e  case  because i n  Phaseolus P fe f fe r  found indeed an "indicat ion" of 

a  tendency t o  pass i n t o  a normal rhythm (I have already discussed t h i s ) .  

Then, numerous ins ign i f i can t  remarks on P f e f f e r l s  works fol low, and 

he f i n i s h e s  with t h e  assurance t h a t  P fe f fe r  "is s u b s t a n t i a l l y  i n  agreement 

with Semonls theory,  s o  t h a t  now t h e r e  is a s a t i s f a c t o r y  agreement between 

Pfe f fe r  and me. The d i f fe rences  a r e  of a  q u a n t i t a t i v e  na ture  only." 

However, t h e r e  is one a rea  with respect  t o  which Semon admits t h a t  he 

a c t u a l l y  has an e n t i r e l y  d i f f e r e n t  opinion than Pfef fer .  This  concerns t h e  

a f t e r e f f e c t s .  According t o  P f e f f e r ,  we must consider them simply a s  r e s idua l  

swinging, a s  t h e  swinging of a  clock,  which received a push. Here he uses t h e  

expression "unstimulated s t a t e .  Semon, on t h e  o ther  hand, shows t h a t  s l eep  

movements a r e  c a r r i e d  out  during i n f i n i t e  generations i n  a  rhythm which recurs  

d a i l y ,  so t h a t  they have l e f t  behind an unmistakable engram, which, of course,  

is expressed a l so  i n  t h e  a f t e r e f f e c t s .  

Whenever t h e  l i g h t  o r  darkness a r e  cons tant ,  according t o  Semon we cannot 



speak of a  s t imulus-less s t a t e ;  t h i s  can be done only when t h e r e  is ac tua l ly  

no more st imulus t o  a c t  upon t h e  organism. When we keep t h e  p l a n t s  i n  cons tant  

l i g h t ,  s t imulus is applied every 12 hours, The a f t e r e f f e c t s  of these  cons tant ly  

equal s t i m u l i  a r e  supposed t o  counteract  t h e  o r i g i n a l  per iodic  a f t e r e f f e c t s  

of d a i l y  movements, s o  t h a t  f i n a l l y  a  s t a n d s t i l l  occurs. Thus, the re  is /16 
4 

no quest ion of fading o u t ,  but of a  suppression of movements. 

Because most p l a n t s  r e a c t  t o  darkening t o  sane ex ten t ,  we can adapt t h i s  

theory a l s o  t o  t h e  case  of constant  darkness. 

It is worthy of note  t h a t  P f e f f e r ,  a s  well a s  Semon, r epor t  t h a t  constant  

l i g h t  seems t o  be more harmful f o r  p l a n t s  than a l t e r n a t i n g  i l lumination.  I 

mention t h i s  f a c t  here  only because during t h e  processing of m y  t e s t s  we w i l l  

s e e  t h a t  I have come t o  t h e  same conclusion. 

I t  is  obvious t h a t  P f e f f e r  d id  not l e t  t h i s  a r t i c l e  pass by without remarks. 

In t h e  same year (1908) [301, we f i n d  h i s  r e f u t a t i o n  i n  t h e  Biol. Centr. 

B l a t t  . - 
He explains first very e x p l i c i t l y  which viewpoint he holds i n  t h i s  ques t ion:  

"From t h e  experiences of t h e  dependence of t h e  environment ( i . e . ,  a l t e r n a t i o n  

of i l lumination and temperature) it had t o  be, and must be ,  concluded t h a t  

t h e  s l eep  movements, and consequently t h e  r e s idua l  swingings, a r e  not based 

upon motor a c t i v i t y  t ransmit ted  by heredi ty ,  a s  i s  t h e  case  i n  autonomous 

movements, but t h a t  they o r i g i n a t e  through t h e  rhythmic r e p e t i t i o n  (photonast ic  

and thermonastic) of s t imulus impulses. However, i n  order  f o r  t h e  external  

inf luence  t o  have t h e  r e s u l t  mentioned, t h e  object  must be equipped with t h e  

appropriate q u a l i t i e s ,  i .e . ,  with a corresponding a b i l i t y  of response ( including 

t h e  a b i l i t y  of movement), which t h e  object  possesses a s  inherent ,  a  c h a r a c t e r i s t i c  

t ransmit ted  by heredi ty .  " 

According t o  P f e f f e r ,  t h e r e  a r e  many add i t iona l ,  s p e c i f i c  f e a t u r e s  t o  be 

observed i n  d i f f e r e n t  p lants .  He a l s o  lists here  t h e  devia t ions  found by 

Semon. P fe f fe r  th inks  he is able  t o  conclude from Semonls work t h a t  he,  too ,  

considers  t h e  d a i l y  movements a s  photonastic responses, s o  t h a t  t h e r e  should 

be no subs tan t i a l  d i f f e rence  between t h e i r  concepts! 

We have already mentioned t h a t  Semon does not consider  the  movements i n  

constant l i g h t  o r  darkness a s  r e s idua l  swingings of a  pendulum, but t h a t ,  according 



t o  him, they a r e  supposed t o  be t h e  mutual e f f e c t  of new s t i m u l i  and so-cal led / l 7  
-.m 

r e s idua l  swingings. Contrary t o  t h i s ,  P fe f fe r  j u s t l y  quotes t h a t  i n  t h a t  case  

we might speak no more of res idual  swingings i n  t h e  case  of a pendulum; a f t e r  

a l l ,  even i n  a pendulum, t h e  movement is continuously counteracted by r e s i s t a n c e ,  

i .e . ,  a i r  r e s i s t ance .  I f  t h i s  were not so ,  t h e  pendulum would continue an 

unlimited movement. Under constant  condit ions,  t h e r e  i s  no occasion t o  movement, 

and thus  t h e  organ remains s t a b l e  i n  a d e f i n i t e  pos i t ion .  

Again, P f e f f e r  mentions h i s  d i s t r u s t  of Semon's r e s u l t s ,  because of h i s  

not keeping t h e  temperature cons tant ,  t oo  l i t t l e  i l luminat ion  and incomplete 

angular readings. 

Whenever we compare these  two inves t iga to r s ,  we always f i n d  t h e  g r e a t  

accuracy and r e l i a b i l i t y  of P f e f f e r ' s  experimentation. F i r s t ,  he t akes  t e s t s ,  

and then t r i e s  t o  explain t h e  r e s u l t s  e i t h e r  by s e t t i n g  up a new hypothesis ,  

o r  by bringing them i n  agreement with a former work hypothesis.  Semon, on 

t h e  o ther  hand, s e t s  up f i r s t  h i s  mneme theory,  and then t r i e s  t o  incorporate 

t h e  r e s u l t s  of too  few t e s t s .  

I was unable t o  f i n d  any f u r t h e r  a r t i c l e  by Semon on t h i s  subject .  

In  1909, we come upon a very remarkable document of Lepeschkin [ 2 3 ] .  F i r s t  

of a l l ,  he has a l s o  inves t iga ted  how t h e  two node halves r eac t .  J u s t  a s  

P f e f f e r ,  he  f i n d s  t h a t  a f t e r  darkening these  r e a c t  i n  t h e  same manner, but a t  

uneven speed, provided t h a t  t h e  node is cu t  through t o  t h e  ha l f  of t h e  vascular  

bundle. I f  he c u t s  l e s s  deeply, he obta ins  t h e  same r e s u l t s  a s  Schwendener, 

uneven response i n  t h e  two nodal halves. 

He is able  t o  s t a t e  t h a t  t h e  mechanical p roper t i e s ,  a s  well as  t h e  bending 

s t a b i l i t y ,  never change i n  t h e  nodes. Thus, t h e  movement should be explained 

by a change i n  turgor  pressure.  

By l i g h t  t h e  protoplasmic permeabil i ty should decrease,  and i n  conneetion 

therewith t h e  osmotic pressure  of t h e  c e l l s .  

He t r i e s  t o  explain t h i s  hypothesis i n  t h r e e  ways: 

A) He placed 400 Phaseolus leaves  i n  t h e  dark,  and 400 i n  t h e  l i g h t .  /18 - 
After a few hours, t h e  nodes a r e  c u t  up and extracted.  It appears t h a t  the  

quan t i ty  of substances exosmosed from one gram of nodes is about one and a 

ha l f  t imes a s  l a r g e  i n  l i g h t  a s  i n  darkness. 



B) The nodes of Phaseolus and Mimosa were c u t  i n t o  t h i n  s l i c e s  with a 

microtome. One hal f  of it is placed i n  darkness, t h e  o ther  ha l f  i n  l i g h t .  

After some t ime,  t h e  n i t r o u s  content  of a number of s l i c e s  of each por t ion  is 

determined by plasmolysis.  It is c l e a r l y  sho-WI t h a t  i n  l i g h t  t h e  permeabil i ty 

might have been l a rge r .  

C) He determined t h e  i so ton ic  c o e f f i c i e n t s  i n  l i g h t  from node s l i c e s  of 

Phaseolus and Mimosa, and t h e r e a f t e r  they remained f o r  a c e r t a i n  time i n  dark- 

ness. He obtained t h e  same r e s u l t s .  

He then inves t iga ted  whether t h i s  remarkable property of t h e  plasma a l s o  

occurs i n  o the r  p lan t  pa r t s .  Indeed, he found t h a t  t h e  permeabil i ty of t h e  

plasma of t h e  Tradescantia d i sco lo r  epidermic c e l l s  is 1.5 t imes l a r g e r  i n  

l i g h t  than it is i n  darkness. I n  Spirogyra, it is 1.8 times l a rge r .  H i s  

t e s t s  showed t h a t  t h e  permeabil i ty of c e l l s  of t h e  upper ha l f  of nodes of Phaseolus 

is always g r e a t e r  than t h e  lower h a l f .  From t h i s  he concludes t h a t  " a f t e r  

darkening, l ea f  movement occurs due t o  an uneven plasma permeabil i ty f o r  dissolved 

substances i n  t h e  c e l l s  of t h e  upper and lower halves of t h e  node. In t h e  

ha l f  wherein permeabil i ty i s  g rea te r ,  a g rea te r  increase  i n  turgor  pressure  w i l l  

be produced by darkening which moves t h e  l ea f  toward t h e  s i d e  of t h e  ha l f  of 

l e s s e r  permeability." That t h e  l e a f  the rea f t e r  r e t u r n s  t o  its o r i g i n a l  pos i t ion  

is, according t o  Lepeschkin, not  a sequela of l i g h t  decrease t h a t  occurred i n  

t h e  place,  a s  P f e f f e r  has assumed it, but  must be  considered a s o r t  of after- 

e f f e c t ,  i n  t h e  sense of the  a f t e r e f f e c t s  i n  constant  l i g h t  o r  darkness. 

Even though t h e  r e s u l t s  of L. seem remarkable, we should not l o s e  s i g h t  

of t h e  f a c t  t h a t  a l l  methods used a r e  very unre l i ab le  because of wound s t i m u l i ,  

f l u c t u a t i o n s  of temperature and i l luminat ion ,  while sometimes very complicated /19 - 
formulas were used. 

The following year  (1910) br ings  us  a publ ica t ion  of Trondle C531 on t h e  

same subjec t .  From h i s  t e s t s  with Buxus and T i l i a ,  he  f i n d s  t h a t  permeabil i ty 

decreases i n  l i g h t ,  and increases  i n  darkness. This  belongs, he says,  t o  t h e  

l i v i n g  protoplasma; it is not a simple photochemical process, but a "stimulus 

p r o c e ~ s . ~ '  By determination he sees  t h a t  i n  na ture  t h e  permeabil i ty i n  t h e  

p l a n t s  mentioned increases  from December t o  July, and then decreases again. 



With respect  t o  t h i s ,  c r i t i c i s m  was heard from var ious  s ides ,  p a r t i c u l a r l y  

concerning t h e  methods used by him. F i t t i n g  [161, f o r  example, sa id  i n  1915: 

"The observation,  which should be pursued by f u r t h e r  experiments, t h a t ,  a s  

opposed t o  t h e  f ind ings  of Trodle and Lepeschkin, l i g h t  did not show any inf luence  

on permeabil i ty is very remarkable. On t h i s  occasion I would be remiss i n  

not  point ing out t h a t ,  a f t e r  extensive research i n  t h e  plasmolytic method and 

i n  t h e  quest ions r e l a t e d  t o  it, I regard these  inves t iga t ions  very skep t i ca l ly ,  

p a r t i c u l a r l y  because t h e  method of de temin ing  t h e  permeabil i ty c o e f f i c i e n t  

i n  t h e  way it is used here  is misleading, because it does not s u f f i c i e n t l y  t a k e  

i n t o  cons idera t ion  well-known f a c t s  of physical chemistry." 

However, i n  1922 Brauner [8] was of t h e  opinion t h a t  he found i n  t h e  coleop- 

t i l e s  of o a t s  t h a t  l i g h t  influences t h e  permeabil i ty of plasma. He determined 

t h e  permeabil i ty with t h e  improved F i t t i n g  method and found t h a t  permeabil i ty 

of c o l e o p t i l e s  which were i n  l i g h t  was 75% l e s s  than i n  those  which were i n  

darkness. It i s  unfortunate t h a t  Braunerls  t e s t s  leave many th ings  t o  be 

des i red ,  so t h a t  we must consider  t h e  r e s u l t s  with g rea t  caution. 

For t h a t  mat ter ,  t h e  same was found f o r  t h e  nodes of Mimosa pudica by 

Blackman [61 and Paine i n  1918. They kept t h e  c u t  o f f  nodes i n  a small g l a s s  /20 - 
c e l l u l e  with very l i t t l e  water. It was found t h a t  i n  almost a l l  cases such 

a node was s t i l l  ab le  t o  r e a c t  normally. TWO platinum elec t rodes  were inse r t ed  

i n  t h e  l i q u i d  of t h e  c e l l u l e .  The t e s t s  were made a t  constant  temperature 

and humidity. The changes i n  t h e  osmotic pressure could then be determined, 

by measurement of t h e  conductive capaci ty  of water i n  t h e  c e l l .  O f  course,  

with an exosmosis from t h e  node t h i s  pressure increased. The protoplasma 

permeabil i ty i n  t h e  node increases  by i l lumination.  

In  19x0, R. Stoppel [451 published he r  r e s u l t s  on t h e  influence of l i g h t  

upon t h e  opening and c los ing of a number of flowers. With a g lass  c a p i l l a r y  

t o  be fas tened on t h e  p e t a l s ,  t h e  angular measurements can be regulated.  The 

f lowers of Calendula open i n  constant  darkness, and make movements which proceed 

i n  a d a i l y  rhythm, and the re fo re  must be autonomous. On t h e  other  hand, t h e  

buds open very slowly i n  constant  l i g h t ,  and then they make no movements. By - 
applying another period of l i g h t  and darkness, t h e  opening and c los ing of f lowers 

a l s o  changes. Thus we can introduce any a r b i t r a r y  period,  and always make t h e  

f lowers open a t  i l luminat ion  and c l o s e  i n  darkness. This is t r u e ,  however, 

only a s  long a s  t h e  period does not drop below 6 hours of l i g h t  : 6 hours of 



darkness.  For i n s t ance ,  i n  t h e  c a s e  of 2 : 2 ,  t h e r e  are no a i t i o n a s t i c  r e a c t i o n s  

t o  be seen any longer .  Then, t h e  autonomous movement again appears i n  t h e  

normal d a i l y  rhythm. I f  t h e  tempo of t h e  l i g h t  and dark  period. is slower 

than  normal, then  t h e  f lower a d j u s t s  i t s e l f  aga in ,  but  i n  t h e  sense t h a t  t h e  

opening occurs  during darkness  and c los ing  i n  t h e  l i g h t  per iod .  

Furthermore, she  f i n d s  t h a t  i n  t h e  c a s e  of i l l umina t ion ,  t h e  f lowers  open, 

j u s t  t o  c l o s e  aga in  a  few hours  l a t e r .  Therefore,  Stoppel  a s c r i b e s  a  double 

e f f e c t  t o  l i g h t  : a  " t r a n s i t i o n  r e a c t i o n "  and a  "sequent ia l  r eac t ion .  I '  

Whenever she  grew p l a n t s  from seed e n t i r e l y  under abnormal cond i t i ons ,  

f l owers  i n  cons tan t  darkness  s t i l l  c a r r i e d  out  autonomous movements i n  a  day l igh t  

tempo, so  t h a t  t h i s  must be a  h e r e d i t a r y  c h a r a c t e r i s t i c .  She a l s o  f i n d s  /21 - 
t h a t  t h e  t r a n s i t i o n  r e a c t i o n  is s t rong ly  dependent upon t h e  d i s p o s i t i o n  of t h e  

l i g h t  on f lowers :  we saw t h a t  no movements a r e  c a r r i e d  out i n  cons tan t  l i g h t ,  

but  a f t e r  b r i e f  per iods  of darkness ,  t h e  d i s p o s i t i o n  is changed s o  t h a t  i n  

c a s e  of r e l i g h t i n g ,  a  r e a c t i o n  fo l lows  quickly.  Thus, a f t e r  a  s h o r t e r  l i g h t  

per iod  t h e  fol lowing dark  per iod  must l a s t  longer  i n  order  t o  g e t  t h e  same r e -  

s u l t .  Because t h e  r e a c t i o n  is  a l s o  dependent upon t h e  phase wherein t h e  move- 

ment of t h e  p e t a l s  happens t o  b e  ( i . e . ,  whether t hey  a r e  t o  open o r  t o  c l o s e ) ,  

d i f f e r e n t  responses can be obtained by one and t h e  same change i n  t h e  i l l umina t ion  

a t  d i f f e r e n t  t imes ,  and wi th  d i f f e r e n t  prepara t ion  of p l an t s .  

With B e l l i s  perennis ,  she  g e t s  somewhat d i f f e r e n t  r e s u l t s .  The buds do 

not open i n  cons tan t  darkness;  i n  cons tan t  i n t e n s i v e  l i g h t ' f o r  a  few days they  

make pe r iod ic  movements i n  an approximate day l igh t  rhythm, only wi th  ever- 

decreas ing  amplitude. Furthermore, B e l l i s  resembles Balendula i n  r eac t ions .  

The autonomous movements appear i n  a  l e s s  obvious manner, so  t h a t  they  have 

a l s o  l e s s  i n f luence  upon t h e  t r a n s i t i o n  r e a c t i o n  which is l ikewise  present  

here.  

Stoppel  [ 4 6 ]  and Kniep made f u r t h e r  i n v e s t i g a t i o n s  wi th  B e l l i s  perennis  

i n  1911. They a l s o  found a c l o s u r e  respanse i n  cons tan t  l i g h t ,  and a  de lay  

of opening, whereas t he  tendency of f lowers  be fo re  darkening is very much 

dependent on t h e  du ra t ion  of t h e  preceding l i g h t  per iod.  I f  a  s h o r t  dark  

per iod  fo l lows  a  long t ime of  cons tan t  l i g h t ,  a  s t rong  opening movement w i l l  

fo l low a s  a  response during t h e  fol lowing i l luminat ion .  Of course ,  he re  



it is of g r e a t  importance whether t h e  f lowers  a r e  then  i n  t h e  phase of opening 

o r  c los ing .  For i n s t ance ,  i f  t h e  dark  per iod  f a l l s  upon t h e  moment when t h e  

f lowers  a r e  j u s t  about t o  c l o s e ,  t h e  phase of rhythm and t r a n s i t i o n  r e a c t i o n  

of dark  upon l i g h t  a r e  opera t ing  i n  an oppos i te  d i r e c t i o n .  I f  it comes a t  t h e  

moment when t h e  f lowers  a r e  j u s t  about t o  open, t hey  opera te  i n  t h e  same d i r e c t i o n .  

When c losed  buds a r e  exposed t o  cons tan t  l i g h t ,  they  do not  open. I f  t hey  

a r e  open t o  some ex ten t  and a  dark  per iod  of a t  l e a s t  t h r e e  hours went before-  

hand, then  here  aga in  t h e  a l ready  mentioned l i g h t  t r a n s i t i o n  r e a c t i o n  on t h e  / 22  - 
opening of t h e  f lowers  can be not iced .  If t h e  l i g h t  cont inues ,  t h e  f lowers  

w i l l  aga in  c lose .  I f  they  a r e  then  exposed t o  darkness ,  they  completely c l o s e ,  

open again and, when i n  cons tan t  darkness ,  c a r r y  ou t  rhythmic movements. 

The d a i l y  opening and c los ing  is t h u s  explained:  because of darkness ,  

they  c l o s e  i n  t h e  evening. When cons tan t  darknesscont inues,  they  should open 

t h e  nexh evening, bu t  because t h e r e  is l i g h t  i n  t h e  morning, t h e  t r a n s i t i o n  

r e a c t i o n  t o  l i g h t  t a k e s  p l a c e ,  whereby they  w i l l  open t o  t h e  maximum about 

12  o ' c lock  noon. By long- las t ing  l i g h t ,  we then  ge t  t h e  "sequent ial  r e a c t i o n , "  

which makes f lowers  c l o s e ,  aided by t h e  again oncoming darkness.  

In  1911, P f e f f e r  [311 i n i t i a t e d  an i n v e s t i g a t i o n  i n t o  t h e  e f f e c t  of a  

mechanical a r r e s t  of s l e e p  movements. A s t a l k  of g ra s s  fas tened  t o  t h e  midrib 

of a  l e a f  of Phaseolus r e s t e d  on another  s t a l k  which, wi th  t h e  a i d  of a  s t e e l  

w i re ,  was hinged a t  one s i d e  wi th  t h e  o t h e r  end a t tached  t o  t h e  t r a c i n g  wire  

of t h e  i n d i c a t o r  which r eco rds  on t h e  kymograph. This  genera l ly  s t o p s  t h e  

s l e e p  movements, and t h i s  e f f e c t  is then  recorded by t h e  ind ica to r .  In  

add i t i on ,  a small  weight can  be suspended under t h i s  l e a f ,  o r  t h e  small  weight 

can be run  over a  small  pu l l ey ,  and e x e r t  a  p u l l  on t h e  l e a f .  

In  a l l  t h e s e  c a s e s ,  he found t h e  same r e a c t i o n  a s  i n  a  normal l e a f .  The 

d a i l y  movements occur  a s  usual ,  even though wi th  a  smal le r  amplitude., A 

r e v e r s a l  o f  t h e  movements is p o s s i b l e  by i l l umina t ion  a t  n i g h t ,  and darkening 

i n  t h e  daytime. I n  cons tan t  l i g h t  t h e  s l e e p  movements s t o p ,  and autonomous 

swings appear.  It fo l lows  t h a t  t h e  processes  which induce a  movement can 

occur  even when t h e  node i s  a r t i f i c i a l l y  hindered i n  bending. They a r e  not  

dependent on a  r e a c t i o n  which t a k e s  p l ace  a f t e r  t h e  node bent i n i t i a l l y .  In  

ca se  of a  s t a l k  of Momosa pudica and M. Speggazini,  a  counter reac t ion  occurs  

when p u l l  i s  d i r e c t e d  downward o r  upward by a  weight. When t h e  s t a l k  i s  



pulled upwards o r  downwards by t h i s  weight, a movement i n  t h e  opposite d i r e c t i o n  

fol lows,  which br ings  t h e  l ea f  back t o  i t s  o r i g i n a l  pos i t ion .  The same t akes  

p lace  whenever t h e  l ea f  is taken out of t h e  balanced pos i t ion  by t h e  removal 

of t h e  small weight; then a l s o  a counterreact ion follows. 

I f  a Phaseolus l ea f  f ixed i n  i ts  deepest nocturnal  pos i t ion  is again re leased 

t h e  next morning, it completely assumes its dayl ight  pos i t ion .  And v i c e  ve r sa ,  

a l ea f  f ixed i n  daytime pos i t ion ,  which was re leased i n  t h e  evening, reaches 

i t s  night  pos i t ion .  I t  follows from t h i s  t h a t ,  even when t h e  bending of t h e  

node is mechanically obs t ructed ,  t h e  same tens ion i n t e n s i t y  develops t h a t  is 

normally fonmed i n  a bending node. Thus, P f e f f e r  could e s t a b l i s h  t h a t  i n  t h e  

powerful nodes of Phaseolus v i t e l l i n u s  t h e  corresponding s t a t i c  moment amounted 

t o  160-545 grams. 

Very remarkable is h i s  discovery t h a t  Phaseolus leaves continue t o  make 

normal per iodic  movements i n  constant  l i g h t ,  when t h e  node is surrounded by 

black cotton-wool. Without these  cot ton  paddings, s h o r t ,  per iodic  swings 

were made. I n  1915, P f e f f e r  [32] r e t u r n s  t o  t h i s  i n  more d e t a i l ;  I s h a l l  the re -  

f o r e  pursue it fu r the r .  With a node exposed t o  darkness, t h e  period of s l eep  

movements can be still reversed. Thus t h e  blade e x e r t s  grea t  influence on t h e  

movements of t h e  node. 

After Stoppel found i n  l9lO t h a t  the  f lowers of Calendula ca r ry  out move- 

ments i n  constant  l i g h t  i n  a d iurnal  rhythm, we f i n d  i n  1912 [471 a preliminary 

repor t  which s t a t e d  t h a t  she succeeded i n  growing Phaseolus sprouts  i n  constant  

darkness, u n t i l  t he  primary leaves were well developed. These e t i o l a t e d  leaves  

c a r r y  out movements i n  constant  darkness which correspond t o  t h e  usual s l eep  

movements of green p lants .  This  should ind ica te  t h a t  s l eep  movements a l s o  

have an o r i g i n  f ixed by heredity.  

In 1915, P fe f fe r  published h i s  l a s t  grea t  inves t iga t ions  on nyctinasty.  - /24 

Based on h i s  own inves t iga t ions  i n  1911 and t h e  publ ica t ions  of Stoppel ,  he 

began t o  doubt whether s l e e p  movements were merely photonast ic  responses. In 

t h i s  research  he included t h e  following p l a l t s  : t u l i p  blooms, l e a f l e t s  of 

Albizzia Iophanta, leaves  of  Phaseolus vu lga r i s  and Flemingia congesta, and 

t h e  main s t a l k  of Mimosa speggazini.  A s  a r e s u l t ,  he made a sharp d i s t i n c t i o n  

between two causes which were considered f o r  t h e  o r i g i n  of s l eep  movements: 

a )  An a b i l i t y  t o  ca r ry  out autonomous movements i n  a normal, i .e . ,  d i u r n a l ,  



rhythm. This we f i n d  i n  Phaseolus leaves ,  which c e r t a i n l y  continue t h e i r  

movements i n  constant l i g h t ,  provided t h a t  t h e  node is  made dark,  and which 

a l s o  under c e r t a i n  circwnstances do not show any r i g i d i t y  ("darkness r i g i d i t y " )  

i n  constant  darkness, The Calendula f lowers which continue t o  r egu la r ly  open 

and c l o s e  i n  t h e  darkness, a l s o  belong t o  t h i s  category. 

b)  An a b i l i t y  t o  c a r r y  out exclusively photonast ic  responses, such a s  

t h e  blooms of t u l i p s ,  which ca r ry  out some mo~ements both i n  constant  l i g h t  

and i n  constant  darkness. 

When t h e  Albizzia and Flemingia leaves  do not make any f u r t h e r  movement 

due t o  constant  condi t ions ,  they can be  rest imulated by a per iodica l  i l luminat ion ,  

but  then t h e  s i z e  of t h e  movement amplitude very much depends upon the  s i z e  

of t h e  stimulus. This  ind ica tes  a photonast ic  charac ter  of movements. The 

reve r sa l  of s leep  movements by i l luminat ion  a t  night  and darkening i n  daytime 

is very easy i n  both species.  It is a l s o  pecul iar  t h a t  t h i s  photonast ic  stimu- 

l a t i o n  has the  same r e s u l t  whenever t h e  node is surrounded by a black cot ton  

pad, and t h e  blade is i l luminated ,  o r  t h e  blade is kept dark,  and the  node is  

i l luminated.  According t o  P fe f fe r  t h i s  is a st imulus conduction. Meanwhile, 

t h i s  does not seem t o  have taken p lace  throughout t h e  e n t i r e  p l a n t ;  f o r  when 

t h e  two leaves of a p lan t  a r e  kept under d i f f e r e n t  condi t ions ,  each c a r r i e s  

out  a movement which f i t s  t h e  condit ions.  

A l l  l eaves ,  whether they belong t o  type a o r  type , have add i t iona l ly  - 
c h a r a c t e r i s t i c  small swings which a r e  e n t i r e l y  autonomous; f o r  under completely /25 - 
constant  condi t ions  they a r e  continuous without weakening, and o f t en  become 

more conspicuous. 

This document of P fe f fe r  shows t h a t  he ,  who so  v i o l e n t l y  attacked Semon 

i n  1908, because he c a l l e d  t h e  s l eep  movements autonomous, now was himself 

forced t o  accept t h i s  explanation t o  a grea t  extent .  

A s  we have seen, R. Stoppel was a l s o  i n i t i a l l y  of t h e  opinion t h a t  nyct inas ty  

should be an autonomous phenomenon. In 1916 [481 she r e f e r s  t o  it i n  an a r t i c l e  

which g ives  an e n t i r e l y  new and very o r ig ina l  explanation f o r  t h i s  remarkable 

phenomenon. She c a r r i e d  out  experiments i n  t h e  dark with e t i o l a t e d  p l a n t s ,  

and a l s o  with normal green p l a n t s  i n  an experimental box. 

The arrangement and recording was t h e  same a s  with P fe f fe r .  It is unfortunate 



t h a t  t h e  ind ica to r  gradations used f o r  t h e  kymograph recordings were not  always 

t h e  same, so t h a t  t h e  curves which she  published cannot ac tua l ly  be compared 

with each other .  Another grea t  drawback, which I have against  t h i s  document 

i n  genera l ,  is t h a t  Stoppel used her p l a n t s  so  long t h a t  they died.  We read 

repeatedly under he r  curves t h a t  t h e  l e a f  r o l l e d  up and was ruined. However, 

a  completely heal thy  l ea f  does not d i e  s o  suddenly, so t h a t  i n  p a r t ,  she ac tua l ly  

recorded t h e  movement of not e n t i r e l y  normal p lants .  External ly they may s t i l l  

have a normal aspect ,  while i n t e r n a l l y  t h e  dying processes may have already 

begun. 

The e f f e c t  of temperature upon movements appears t o  be  s l i g h t ,  a t  l e a s t  

f l u c t u a t i o n s  of 2'-3' remain without e f f e c t .  Greater d i f f e rences ,  7 O ,  bring 

on i r r e g u l a r  movements. With t h e  he lp  of a  c l i n o s t a t  and cen t r i fuga l  t e s t s ,  

Stoppel comes t o  t h e  conclusion t h a t  u n i l a t e r a l l y  ac t ing  g rav i t a t ion  is indispensable 

f o r  t h e  development of s l eep  movements, but t h a t  it is not t h e  d i r e c t  cause. 

Now, it was known t o  her  t h a t  e l e c t r i c  conductivi ty of a i r  a l s o  shows 

per iodic  d iurnal  o s c i l l a t i o n s ,  t h e  peak of which is i n  t h e  morning about - /26 

4 o'clock.  

S t i l l  another f a c t o r  could be t h e  p o t e n t i a l  drop. She s t a t e s :  "In normal 

t imes,  t h e  atmosphere is pos i t ive ly  charged with respect  t o  t h e  ear th .  The 

average po ten t i a l  d i f f e rence  is 100 V per  meter. I f  we imagine therefore  

a 20 m high t r e e ,  then between t h e  t o p  and t h e  roo t  of t h e  t r e e  t h e r e  is  an 

average p o t e n t i a l  d i f ference  of 2000 V. Po ten t i a l  d i f f e rences  a r e  smallest  

a t  n igh t ,  and g rea tes t  during t h e  day." In closed rooms, however, t h e r e  a r e  

no po ten t i a l  d i f f e rences ,  so t h a t  only t h e  conductivi ty comes i n t o  considerat ion 

a s  a  possfble cause of nyctinasty.  She t r i e s  t o  v e r i f y  t h i s  hypothesis with 

many t e s t s .  

She repeatedly observed t h a t  the  simple touch of a  bean p lan t  w i l l  s t a r t  

a  temporary d is turbance  i n  t h e  p i c t u r e  of movement. This happens because t h e  

p lan t  has a c e r t a i n  charge which is "discharged" by touch. This charge en te r s  

t h e  p lan t  from t h e  ground through t h e  roots .  When a plank is i so la ted  from t h e  

ground, t h i s  might not be without influence upon t h e  movements. She the re fo re  

placed an ( e t i o l a t e d )  p lan t  on a t h i c k  g lass  p l a t e ,  and t h i s  again on a piece 

of cork. Indeed, the  r e s u l t s  were somewhat lower, however, when we look a t  

t h e  curves ( f o r  ins tance  22 and 23 on page & 3 ) ,  it seems t h a t  t h e  decrease 



is not s i g n i f i c a n t ,  It is conceivable t h a t  we a r e  deal ing here with an accidenta l  

deviat ion.  Then, a p lant  was s e t  up i n  i s o l a t i o n  i n  a cage of fine-meshed 

i ron  wire,  thus  t h e  atmospheric e l e c t r i c i t y  now cannot reach these  leaves. The 

movements become l e s s ,  and f i n a l l y  cease. When then a f t e r  a few days t h e  p l a n t s  

a r e  again placed on a t a b l e ,  the  s l e e p  movements r e t u r n  immediately. 

When such a p lan t  i n  a cage d id  not make any more movements, t h e  cage was 

charged with 1 V, and t h e  movements of leaves returned.  I f  t h e  cage is connected 

with t h e  c i t y  network of 4-220 V ,  then  t h e  s leep  movements continued without 

disturbance,  while they stopped a f t e r  two days when t h e  cage was charged with 

-220 V. In  case  of green p lan t s ,  she  obtained t h e  same f indings.  The influence 

of i s o l a t i o n  can a l s o  be well  observed here :  "The leaves  looked s i c k ,  droopy, /27 - 
and t h e  l ea f  r i b s  bent l i k e  t h e  r i b s  of an opened umbrella, even when t h e  

spread had been previously n ice ly  extended." 

In  green p l a n t s  a negative charge of t h e  cage was unfavorable, and a p o s i t i v e  

charge favorable f o r  l ea f  movement. 

I f ,  i n  f a c t ,  t h e  conductive capaci ty  of t h e  atmosphere has an e f f e c t ,  a 

change of it should be not iceable  i n  t h e  movements. She t r i e d  t o  modify t h e  

conductive capaci ty  of t h e  a i r  by placing ashes of a burnt-out gas mantle i n  

t h e  v i c i n i t y  of t h e  p lants .  Actually, disturbances d id  occur i n  t h e  movements 

of leaves ,  which disappeared as soon a s  t h e  ashes of t h e  gas mantle were removed. 

This proved t o  R. Stoppel t h a t  t h e  conductive capaci ty  of t h e  atmosphere 

is t h e  cause of nyctinasty.  In t h e  t h e o r e t i c a l  p a r t  of t h i s  a r t i c l e ,  she 

c i t e d  a l l  poss ib le  examples from t h e  l i t e r a t u r e  t o  prove t h a t  e l e c t r i c i t y  is 

of t h e  g rea tes t  importance f o r  p lant  l i f e .  

A t  t h e  same t ime,  she reported a l l  phenomena from plant  and animal physiology 

which show a d iu rna l  rhythm, such a s  heartbeat  and blood pressure i n  man, r o o t  

pressure ,  r e s p i r a t i o n ,  mi tos i s ,  and s o  on, i n  p lants .  These a l l  should then 

be explained by assuming t h a t  they a r e  influenced by t h e  pe r iod ic i ty  i n  t h e  

conductivi ty of t h e  a i r .  

The g rea tes t  objec t ion  I have against  t h i s  publ ica t ion  of Stoppel is t h a t  

she f i r s t  bu i lds  up her  theory and then t r i e s  t o  prove it by t e s t s .  Also, t h e  

reproduced curves a r e  such t h a t  it could e a s i l y  be taken a s  negative proof 

f o r  t h i s  theory. Often she made too few t e s t s  which a r e  ac tua l ly  "s t r ik ing."  



Somet,imes a t e s t  is successful  only once, and ye t  it is taken t o  be a v a l i d  

proof! 

When Stoppel published t h i s  paper, she knew t h a t  conductive capacity of 

t h e  outs ide  atmosphere showed per iodic  o s c i l l a t i o n s .  Whether these  occurred 

a l s o  i n  closed rooms, a s  i n  t h e  dark chamber where she  ca r r i ed  out her experi- 

ments, was not known, she had reason t o  suspect it. In t h e  following years  

she thoroughly pursued t h i s  question. In  1919 [491, she published her  r e s u l t s  /28 - 
on t h i s  subjec t .  Because t h i s  is pure physical  research ,  I w i l l  be s a t i s f i e d  

with repor t ing  t h e  da ta  t h a t  a r e  most s i g n i f i c a n t  f o r  us. Indeed, t h e  conductivi ty 

of t h e  atmosphere changes i n  closed rooms a t  constant  temperature every day 

with a d e f i n i t e  rhythm. Between 2 and 4 o 'c lock i n  t h e  morning t h e  d ispers ion  

is t h e  g rea tes t .  Light causes a marked increase  i n  t h i s  dispersion.  During 

t h e  l i g h t  period t h e  p e r i o d i c i t y  is less obvious, but t h e  small o s c i l l a t i o n s  

a r e  consideaably stronger.  

Stoppel once more devoted he r se l f  t o  t h e  f i e l d  of electrophysiology. 

She t r i e d  t o  bring o ther  per iodic  phenomena i n t o  connection with it. Thus, 

i n  1920 C501, we f i n d  he r  doing research  on t h e  influence of emanation upon 

r e s p i r a t i o n .  She found t h a t  when t h e  ion  content  and t h e  a i r  conductivi ty a r e  

increased by l e t t i n g  t h e  a i r  pass  first along a small pipe with c a r n o t i t e  before  

it reached t h e  ch lo ro t i c  branches of Aesculus hippocastanwn, t h e  resporatory 

i n t e n s i t y  of it considerably increased. With green p l a n t s  (branches) ,  she 

found a few exceptions, while young pot  p l a n t s  i n  2/3 of t h e  cases showed 

an increase ,  i n  1/3 a decrease,  i n  t h e  r e sp i ra t ion .  

This is followed by an extensive t h e o r e t i c a l  p a r t ,  with a l l  kinds of 

e lec t rophysio logica l  t h e o r i e s  and hypotheses, which I do not  intend t o  consider 

here. 

It i s  understandable t h a t  Stoppel s inves t iga t ion  on nyct inas ty  was 

rechecked. However, it did  not happen u n t i l  1922, when it was done by Schweidler 

C371 and Sper l ich .  

I t  is unfortunate t h a t  t h e i r  method of experimentation does not make very 

r e l i a b l e  impressions. For ins tance ,  they could not heat  t h e i r  experimentation 

room, so t h e  temperature from April  t o  Ju ly  varied between 14' t o  21'. Now, 

14O is undoubtedly too  low a temperature f o r  these  t e s t s .  This may perhaps 



explain why they received such f l a t ,  l e s s  pronounced curves. Their kymograph 

was a l s o  very pr imi t ive .  The paper had t o  be taken off  every day, and replaced 

by a new paper, which always caused a few disturbances.  They s t a r t e d  with /29 - 
t racking t h e  influence of a mesothorium peparation upon t h e  l ea f  movement of 

Phaseolus. But n e i t h e r  by r a d i a t i o n ,  nor by increased conductive capaci ty  

of t h e  a i r  was any change observable. They were a b l e  t o  corroborate 

Stoppel ' s  f ind ings  t h a t  i n  closed rooms t h e r e  is a pe r iod ic i ty  of t h e  conductive 

capacity of t h e  atmosphere, s i m i l a r  t o  t h a t  i n  t h e  f r e e  f i e l d .  The ch ie f  peak 

of t h i s  conduct iv i ty  f a l l s  between 3 and 4 o 'c lock i n  t h e  morning. Its d a i l y  

courses and those  of l e a f  movements do not run p a r a l l e l ,  however, so  t h a t  we 

cannot speak of a connection. For ins tance ,  they could not  f i n d  any d e f i n i t e  

time a t  which t h e  leaves  were i n  t h e i r  lowest pos i t ion .  I n  158 days t h i s  

lowest pos i t ion  was reached between midnight and l l ' o c l o c k  i n  t h e  morning. 

Stoppel,  on t h e  o the r  hand, found t h e  lowest pos i t ion  i n  t h e  morning between 

3 and 4 o'clock.  Schweidler and Sper l ich  then t r y  t o  explain t h i s  d i f f e rence  

from t h e  f ind ings  of Stoppel by assuming t h a t  t h e  more even a re  temperature 

and o ther  external  circumstances i n  t h e  " c r i t i c a l  period" of t h e  plant  ( i .e . ,  

from t h e  swelling of t h e  seeds t o  t h e  beginning of t h e  s t r e t ch ing  of t h e  e p i c o t y l ) ,  

t h e  more regu la r  is t h e  p i c t u r e  of l ea f  movements. If germination f a l l s  upon 

a dark, cold  day, weaker specimens a r e  supposed t o  develop. According t o  them, 

Stoppel should have, and she d id  so without knowing it,  r a i s e d  he r  p l a n t s  under 

p r a c t i c a l l y  similar condit ions during t h e  c r i t i c a l  period,  i n  f a c t  even u n t i l  

t h e  beginning of t h e  t e s t .  She he r se l f  placed t h e  seeds i n  water always a t  

t h e  same hour of t h e  day. Accordingly, t h e  s leep  movements of her  p l a n t s  were 

supposed t o  show very g rea t  s i m i l a r i t y .  Due t o  t h e i r  small number of t e s t s ,  

t h e  two authors still a r e  wi l l ing  t o  s t a t e  " tha t  t h e  completely autonomous 

nature  of t h e  movement i n  quest ion should not  f u r t h e r  amaze u s  with regard 

t o  t h e  l i f e  spent a l l  t h e  time under t h e  a l t e r n a t i o n  of l i g h t  and darkness." 

A remarkable a r t i c l e  is t h a t  of K. Suessenguth [511, which i n  1922 t r i e d  

t o  explain "simple physiological  processes,  " such a s  nyct inas ty ,  with d i f f e r e n t  /30 - 
d a t a  of physiological  and co l lo id  chemistry. It is very tiresome t o  s t a t e  t h e  

outstanding r e s u l t s  from t h i s  work, s ince  it is w r i t t e n  e n t i r e l y  i n  a b r i e f ,  

concise manner, j u s t  a s  a d iges t .  Moreover, not a s i n g l e  curve is reproduced, 

while protocols  and method of inves t iga t ion  are a l s o  missing. This prevents  



any checkup on what he r e p o r t s ,  

For example, extremely complicated physical chemical processes a r e  supposed 

t o  take  p lace  i n  t h e  nodes which a r e  of great  inf luence  upon turgor ,  and thereby 

again upon l ea f  movements. Then, he proceeds t o  demonstrate how a l l  kinds of 

substances influence nyc t inas ty ;  f o r  he supposes t h a t  they cause d e f i n i t e  

chemical r e a c t  ions which thereby modify t h e  movement of leaves. 

Among the  examined organic and inorganic substances'  a r e  some which a r e  

without influence upon l ea f  movements, while o t h e r s  make t h e  l ea f  assume a new 

posi t ion .  The cause of t h i s  is t h a t  these  substances would make plasma c o l l o i d s  

t ake  i n  water,  and then withdraw water from them. F ina l ly  he s t a t e s  t h a t  t h e r e  

is a l s o  a p o s s i b i l i t y  t h a t  n a s t i e s  and o the r  tropisms a r e  based on physico-chemical 

functions.  

F ina l ly ,  we come t o  t h e  l a s t  grea t  work which appeared on nyct inas ty ,  i .e . ,  

t h e  work of Hans Cremer [ll] i n  1923. A s  we have seen, pa r t  of S toppe l ' s  t e s t s  

were already rechecked by Schweidler and Sper l ich ,  even though with negative 

r e s u l t s .  Now, Cremer reexamined a g rea te r  pa r t .  F i r s t  he gives a survey of 

t h e  times a t  which Phaseolus leaves  reach t h e i r  lowest pos i t ion .  This  is 

between 2 and 5 o f c l o c k  i n  t h e  morning, both i n  winter  and summer. We f i n d  

here a g rea t  cont radic t ion  t o  Schweidler and Sper l ich ,  who could not s t a t e  

any d e f i n i t e  time. 

Se t t ing  h i s  p l a n t s  e n t i r e l y  i so la ted  on t h i c k  g lass  p l a t e s  had not  t h e  

s l i g h t e s t  e f f e c t  upon l e a f  movements, a s  opposed t o  what Stoppel thought t o  

have found. Neither could he f i n d  a connection between cl imatological  devia t ions  

and i r r e g u l a r  l e a f  movements. Tes ts  with e l e c t r i c  f i e l d s  i n  a charged cage, 

o r  with increased ion iza t ion ,  seemed t o  him not t o  have any e f fec t  on nyct inas ty .  

The curve of t h e  conductivi ty of t h e  a i r  does not run p a r a l l e l  with t h e  curve /31 - 
of l ea f  movements of green and e t i o l a t e d  p lants .  He d i r e c t s  a t t e n t i o n  t o  t h e  

f a c t  t h a t  one o f t en  f i n d s  p l a n t s  which, regardless  of t h e i r  being under e n t i r e l y  

normal condit ions,  descr ibe  a devia t ing ,  abnormal curve. The cause of t h i s  

cannot be determined, He used t h i s  a s  an explanation of t h e  f a c t  t h a t  Stoppel 

obtained d i f f e r e n t  r e s u l t s ,  which devia te  from those  which he,  and a l s o  Schweidler 

and Sper l ich ,  found: they used such abnormal p l a n t s  acc identa l ly .  

He could e s t a b l i s h  with many t e s t s  t h a t  emanation is not e n t i r e l y  without 



e f f e c t  upon t h e  image of movement of t h e  leaves,  This  emanation preferably  

occurs near  charged wires. Now, t h e  na tura l  emanation content of t h e  atmosphere 

i n  Basel,  where Stoppel experimented, is g rea te r  than i n  Wurzburg where Cremer 

made h i s  tests. Therefore, a g rea te r  emanation deposi t  should have been present  

on t h e  charged cage of Stoppel than on Cremer's cages. This is supposed t o  

s a t i s f a c t o r i l y  explain t h e  d i f fe rence  between Stoppel and Cremer. 

We have seen t h a t  Schweidler and Sper l ich  explained t h e  d i f fe rence  between 

t h e i r  and Stopple ' s  t e s t s  by assuming t h a t  Stoppel t r e a t e d  he r  p l a n t s  always 

t h e  same before they were used i n  a t e s t .  Since t h i s  was not  confirmed, however, 

by experiments, Cremer reaked Phaseolus p l a n t s  i n  t h e  most divergent  manner. 

Yet, a l l  t hese  p l a n t s  yielded movement curves which very much resemble each 

o the r ,  so  t h a t  t h e  supposition of t h e  two mentioned authors i s  thereby re fu ted ,  

something which w i l l  not g r e a t l y  s u r p r i s e  anyone. 

The tests which Cremer c a r r i e d  out  i n  anunused sha f t  of a s a l t  mine a r e  

worthy of mention. The space where he experimented was e n t i r e l y  surrounded 

by t h i c k  s a l t  l a y e r s ,  so  t h a t  t h e  temperature and humidity f luc tua ted  very 

l i t t l e .  Here he ra i sed  p l a n t s  e n t i r e l y  from seed, and then he makes t h e  remark- 

ab le  discovery t h a t  they do not c a r r y  out  any d a i l y  s l e e p  movements any more, 

although they were e n t i r e l y  heal thy  and able t o  respond; f o r  when he r a i s e d  

t h e  temperature 9 O  higher,  a slow drooping of t h e  leaves followed. I f  t h e  

temperature is then again brought back t o  t h e  o r i g i n a l  one, a f t e r  a while t h e  /32 - 
leaves  again reached t h e i r  f i r s t  pos i t ion  of balance. Cer ta in ly ,  t h e s e  e t i o l a t e d  

leaves  make small swings. I f  such p l a n t s  a r e  then brought near  t h e  ground 

surface ,  and i f  they  a r e  s e t  up under otherwise e n t i r e l y  t h e  same condi t ions  

i n  a dark chamber, t h e  leaves  again start gradually t o  c a r r y  out normal d a i l y  

movements. Tes ts  with ion iza t ion ,  i s o l a t i o n ,  and with charged cages were, i n  

Cremer's experiments, too ,  without any influence on s l eep  movements. He found, 

j u s t  a s  P f e f f e r ,  t h a t  movements i n  constant  l i g h t  continue t o  proceed with equally 

l a r g e  amplitude, provided t h a t  t h e  nodes a r e  surrounded by black cot ton  padding. 

When he took such p l a n t s  t o  t h e  mine sha f t  and placed them under e n t i r e l y  

s imi la r  condi t ions ,  the  d a i l y  movements became gradually smaller; f i n a l l y  they 

stopped en t i r e ly .  However, t h e  leaves  remained ab le  t o  r e a c t .  

Cremer sees  no chance t o  explain t h i s  remarkable phenomenon, and 

fo r tuna te ly  he does not venture one o r  another hypothesis ,  f o r  he concludes: 



u E l e c t r i c i t y  does not come i n  quest ion f o r  t h e  development of s l eep  movements. 

We a r e  deal ing  with a f a c t o r  a s  ye t  unknown." 

Cremer c l e a r l y  cons iders  nyct inas ty  not a s  an autonomous movement, but 

a s  an ai t iogenous one, caused by an a s  ye t  unknown stimulus. 

I t  is unfortunate t h a t  t h e r e  a r e  a  few inaccuracies i n  Cremerts work. 

When we look a t  h i s  curves which a r e  reproduced, we see  t h a t  t h e  ind ica to r  made 

movements on t h e  paper which a r e  t h e o r e t i c a l l y  impossible; o r  t h e  curves were 

l a t e r  erroneously elaborated. For ins tance ,  whenever t h e  ind ica to r  moves 

quickly up and down, an a r c  of a  c i r c l e  o r i g i n a t e s  which is c a l l e d  t ime l i n e .  

The curve described by t h e  l ea f  i n t e r s e c t s  t h i s  time l i n e  a t  t h e  upper s i d e  

(lowest pos i t ion  of t h e  l e a f ) ,  and then withdraws more o r  l e s s  quickly from 

t h e  time l i n e  (upward movement of t h e  l e a f ) .  Now, according t o  Cremer, t h e  

l ea f  curve s lopes  from above obliquely downwards t o  t h e  time l i n e ,  which is 

an imposs ib i l i ty .  This devia t ion  is so  skrong, and it occurs s o  o f t en  t h a t  

it can be no accidenta l  mistake, o r  e r r o r  i n  drawing (see  f o r  ins tance  h i s  

curves 19, 20, 26 and 28). - 1'33 

I would a l s o  l i k e  t o  mention a remarkable number of books by J. C. Bose 

[ 7 l  from Calcutta .  These a r e  r e l a t i v e l y  l i t t l e  mentioned i n  t h e  l i t e r a t u r e ,  

which can undoubtedly be explained by t h e  f a c t  t h a t  Bose mentions only f a c t s ,  

and shows very few curves. Moreover, he is not always up t o  t h e  l e v e l  of newer 

publ ica t ions  which have appeared i n  Europe. But t h e  instruments which he 

invented f o r  recording,  mostly with t h e  use of e l e c t r i c i t y ,  a l l  kinds of phe- 

nomena of p lan t  physiology a r e  very ingenious. Nyctinasty a l s o  a t t r a c t e d  h i s  

a t t e n t i o n ,  and through h i s  t e s t s  he comes t o  t h e  following conclusions. 

The leaves  of Mimosa do not f a l l  as leep  i n  t h e  evening because it becomes 

dark,  but r a t h e r  a s  a  sequela of t h e  p e r s i s t i n g  l i g h t  during t h e  day. They 

recover during t h e  night  aided by a now opposi te ly  d i rec ted  a f t e r e f f e c t  of 

t h e  l i g h t ,  "consequent on t h e  s to rage  of in te rna l  energy by t h e  day 's  il lumination." 

However, t h i s  is i n  addi t ion  t o  per iodic  impulses of t h e  e n t i r e  p l a n t  

which have t h e  same amplitude a s  l i g h t  periods. The per iphera l  t i s s u e s  of t h e  

p lan t  a r e  supposed t o  con t rac t  a s  a  r e s u l t  of t h e  day, and then p ress  the  water 

" in to  t h e  c e n t r a l  reservoi r ."  A t  night  then,  a  reverse  movement t akes  p lace ,  

so  t h a t  " there  is a per iodic  inflow and outflow, a  diminution and increase  i n  

tens ion,  and these  v a r i a t i o n s  of tens ion a r e  indicated by the  per iodic  depressions 



and erec t ions  of a l l  mot i le  leaves synchronously." 

A s  we look over t h e  l i t e r a t u r e  quoted, it seems t h a t  t h e  opinions on t h e  

causes of nyct inas ty  a r e  very much divided,  so t h a t  Jos t  i n  1923, in  t h a t  well- 

known textbook of physiology by Benecke C31 and Jos t ,  was ab le  t o  remark t h a t  

it is very d i f f i c u l t  t o  decide whether s l eep  movements a r e  caused by heredi ty ,  

t h a t  is, they would be autonomous (Jost t a l k s  of endonomous movement) , 
with t h e  l i g h t  perhaps ac t ing  i n  addi t ion  a s  a r egu la to r ;  o r  t h a t  they should 

be e n t i r e l y  caused by external  s t imul i .  Which of t h e s e  hypotheses is t r u e  

must s t i l l  be f u r t h e r  invest igated.  



CHAPTER I1 

Personal Invest  i a a t  i ons 

A. Method of h-ocedure 

In  my f i r s t  t e s t s ,  I used t h e  method described by P f e f f e r  i n  1907 [291 /34 - 
f o r  o r i en ta t ion .  Br ie f ly ,  it amounts t o  t h i s  (Figure 1 ) .  A wire is fastened 

t o  t h e  blade;  it i s  f i rmly  af f ixed t o  a  small s t r a i g h t  g l a s s  rod a t  t h e  upper 

end. This i n  t u r n  is fas tened t o  a  small wire which is clamped between two 

corks. When t h e  l e a f  s inks ,  t h i s  rod is supposed t o  hinge a t  t h e  point  of 

suspension so t h a t  one end moves upwards. When t h i s  resCs on t h e  t r e a t e d  

paper of t h e  kymograph drum, a l i n e  w i l l  be recorded. After  a  few days t h e  

paper is taken o f f  t h e  drum and f ixed i n  she l l ac .  When t h e  ind ica to r  is 

moved rap id ly  t o  and f r o ,  before t h e  paper is removed, we obta in  an a rc  of a  

c i r c l e ,  t h e  r a d i u s  of which can be ca lcula ted .  The diameter is found by 

holding t h e  ind ica to r  hor izonta l  and r o t a t i n g  t h e  drum rapidly .  I f  t h e  r o t a t i o n  

time of t h e  drum i n  known, we can ind ica te  time l i n e s ,  i.e., 12  o 'clock noon 

and 12  o 'clock midnight, with these  data .  By regula t ing  t h e  suspension point  

of t h e  ind ica to r ,  we can make t h e  amplitudes a s  l a rge  as  we want. The l a r g e s t  

amplitude which P f e f f e r  obtained was 70 mm. He worked wi th  sprouts  of Phaseolus, 

while I found a p a r t i c u l a r l y  f i n e  and very responsive subjec t  i n  t h e  primary 

leaves  of a  papilionaceous p lant  which is used i n  t h e  t r o p i c s  f o r  green f e r t i l i -  

za t ion ,  i .e . ,  Canavalia ensiformis D. C. In  about four weeks, s t rong,  l a r g e  

p l a n t s  grew powerful s turdy primary leaves ,  averaging 15 cm long and 15 cm 

wide. The s leep  movement is very in tens ive  i n  t h e s e  leaves. Even i n  t h e  

winter ,  when t h e r e  was very l i t t l e  l i g h t ,  t h e  s l e e p  movements hardly decreased. 

Of course,  young shoots  which developed between t h e  leaves and from t h e  a x i l s  /35 - 
of t h e  cotyledons were r egu la r ly  cut away. 

Since I wanted t o  have my curves l a r g e r ,  t h e  ind ica to r  had t o  make consider- 

a b l e  movements on t h e  drum with the  r e s u l t  t h a t  t h e  curves became l e s s  c l ea r .  

In t h e  s l eep  pos i t ion  of t h e  l e a f ,  t h e  ind ica to r  not only moved upwards, but 

t h e  th read ,  AD, was a l s o  pulled backwards and upwards as  a  r e s u l t  of which t h e  

ind ica to r  often r a n  off  the  drum, and no l i n e  was recorded. In addi t ion ,  because 



Figure 1 : Improved method of 
Pfeffer.  Explanation 
i n  t h e  text .  

t he  writ ing surface of t h e  drum is not f l a t ,  but a bent surface,  considerable 

deviations develop when t h e  leaf  is a t  its highest and lowest position. I f  

t he  indicator  continues t o  scr ibe  still another l i ne ,  then it happens t h a t  when 

the  l i n e  is horizontal ,  it does not sc r ibe  with t h e  point ,  but with a wider 

portion,  which causes a very wide l ine .  

Theoefore, I s t a r t ed  t o  make t h e  following changes. In order t h a t  during 

great  amplitudes t he  pu l l  thread, AD (Figure 1) remains ve r t i ca l ,  I attached 

a small g lass  eyelet ,  a s  low a s  possible, through which wire was threaded. 

When a staong bend took place,  t h i s  wire bumped against  t h e  eyelet ,  and curved, 

a s  a r e s u l t  of which FA remained unchanged i n  position. 

Pfeffer  attached the  pu l l  and suspension threads firmly t o  the  indicator.  

To get  a more supple movement, I made a small bend in  t h e  indicator where t h e  

threads were hung with a small loop ( ~ i ~ u r e  1 a t  A and B ) .  

To be able  t o  quickly s e t  up a plant o r  t o  change it, I fastened a small 

wire with a loop t o  t h e  l e a f ,  and connected t h i s  with t h e  pu l l  thread proper 

by means of a very t h i n  S-shaped small g lass  hook (E ) .  

Final ly ,  I fused a small piece perpendicular t o  t h e  point of t h e  indicator.  



In  t h i s  way, the  indicator continues t o  write a proper l i ne ,  even a t  the  greates t  

divergence, which is the  same everywhere. I used th in  f i n e  s i l k  fo r  t he  threads, 

sometimes also a very th in  cotton thread, but only f o r  t he  t e s t s  i n  t h e  dark 

chamber, a t  constant temperature and humidity. 

My kymographs, which a re  able t o  operate f o r  a week, consist  of a copper 

cylinder, 15  cm high and 10 cm i n  diameter, and a re  operated by the  precise  

clockwork of a self-recording hygrometer. The correct  level  can be s e t  with a 

small level  on the drum and with adjusting screws. The smooth kpnograph paper 

is placed wet around the  drums, and then very evenly t reated with the  equipment 

of Zimmermann ( ~ e i p z i g ) .  Each day a specif ic  hour is indicated by a small 

dash l i n e  on t h e  curve (every day a dif ferent  hour t o  prevent per iodici ty) .  

I removed the  paper a f t e r  a week and fixed the obtained l i n e  i n  a c l ea r  shel lac  

solution. With the  help of carbon paper, I' traced the  curve on ordinary drawing 

paper, and worked it out i n  the  already outlined manner. 

Then I searched f o r  a method which did not have the  disadvantage of a cylin- 

d r i ca l  writ ing surface and curved time l ine .  After long experiments and repeated 

improvements, I came t o  the  fo l lming  arrangement, which I used from then on. 

We see a schematic drawing of t h i s  arrangement i n  Figure 2. A n  instrument maker 

Figure 2: Schematic out l ine  
of t he  method I 
used. Leaf i n  
diurnal posi t  ion. 
Explanat ion i n  t he  
text .  



manufactured small ,  extremely e a s i l y  running, s t a i n l e s s  pul leys  ( F ) .  A 13 7 - 
s i l k e n  w i r e  is run over t h e  pu l l ey ,  which is f ixed i n  t h e  clamp of a  t r i p o d  

s tand,  which is at tached (E)  with a  small g l a s s  hook t o  t h e  l ea f  i n  t h e  manner 

already mentioned, while on t h e  o ther  s i d e  t h e  g lass  ind ica to r  is hung i n  a  

loop. 

This ind ica to r  is s p e c i a l l y  shown i n  t h e  f igure .  I made it from a  s o l i d  

g l a s s  thread 3/4 mm th ick .  The G J  s ec t ion  is 12-1/2 cm, KZ, is 10 rnrn, and LMN 

is 20 mm. There is a  bend a t  M on which t h e  MC th read ,  which is +24 cm long,  

is suspended, and on whose lower end hangs a  small 100 mg weight. This  thread,  

MC, must f i t  exact ly  i n t o  t h e  extension of GJ i f  t h e  ind ica to r  is t o  hang pre- 

c i s e l y  v e r t i c a l l y .  A t  N a  very small p a r t  of t h e  point  is bent perpendicularly 

i n  order  t o  obta in  a  qu ie t  l i n e ,  so  t h a t  t h e  upper p a r t  of t h e  ind ica to r  w i l l  

not touch t h e  drum. F ina l ly ,  f o r  t h e  reduction of poss ib le  swings of t h e  

weight,  t h e  MC thread passes from here  through a  g l a s s  eyele t  (B)  which is fas tened 

between two hal f  corks i n  t h e  clamp of a  t r ipod.  

After t h e  p lan t  is placed i n  t h e  co r rec t  pos i t ion ,  t h e  kymograph is pushed 

up u n t i l  t h e  point  of t h e  ind ica to r  touches t h e  drum. I n  order  t o  obta in  a  

r egu la r  l i n e ,  t h e  ind ica to r  must r e s t  against  t h e  paper with some pressure. 

This  can b e  obtained by twis t ing  t h e  thread severa l  t imes,  by r o t a t i n g  t h e  in-  

d i c a t o r  a  l i k e  number of t i m e s .  The curves obtained i n  t h i s  manner a r e  very 

regu la r ,  and c l e a r ,  f o r  r ega rd less  how l a r g e  t h e  l ea f  movement might be ,  t h e  

ind ica to r  always presses  evenly agains t  t h e  drum. Since t h e  indica tor  always 

moves i n  a  plane on t h e  drum, we ob ta in ,  by moving it rap id ly  t o  and f r o ,  a  

l i n e  perpendicular t o  t h e  l i n e  t h a t  is scribed when, a t  a  s t a n d s t i l l  of t h e  

i n d i c a t o r ,  t h e  drum is rap id ly  ro ta ted .  The hor izonta l  l i n e  must be determined 

before  t h e  l i n e s  a r e  removed from t h e  clockwork, f o r  t h e  f i x a t i o n  of t h e  obtained 

curve. With t h e  he lp  of t i m e  marks which we have made every day, t h e  t ime 

o rd ina tes  can then be v e r t i c a l l y  p lo t ted .  

The most important f a c t o r  f o r  the  successful  use  of  t h i s  method is an 

extremely p rec i se  cons t ruct ion  of t h e  ind ica to r ,  so  t h a t  t h e  v e r t i c a l  and /3 8 - 
hor izonta l  p a r t s  of it (except t h e  outermost po in t )  w i l l  l i e  exact ly  i n  one 

p lane ,  and a l l  bends a r e  well made v e r t i c a l .  After a  l i t t l e  p rac t i ce ,  t h i s  

is achieved very soon. 



I n i t i a l l y ,  i n  imi ta t ing  P f e f f e r ,  t h e  stem and t h e  s t a l k  of both leaves  

a r e  f i x e d ,  but l a t e r  t e s t s  showed t h a t  t h e  s t a l k  movement is extremely small ,  

and I stopped a f u r t h e r  f i x a t i o n  of it. I w i l l  r e t u r n  t o  t h i s  l a t e r  on. I 

placed p l a n t s  and pots  i n  a glazed t r a y  with water ,  taking c a r e  t h a t  t h i s  

never d r i ed  up en t i r e ly .  The t r a y s  were r e f i l l e d  a t  very i r r e g u l a r  times. 

The f i r s t  t e s t s  were made with seeds which o r ig ina ted  from d i f f e r e n t  botanica l  

gardens. Except f o r  t h e  d i f fe rence  i n  s i z e ,  sprouts  which developed from it 

were a l i k e  i n  appearance, and gave s imi la r  curves a t  recording,  of course leaving 

out of cons idera t ion  any individual  d i f ferences .  In t h e  autumn of 1924, Prof. 

D r .  S tahel  from Paramaribo was kind enough t o  send me a l a rge  consignmsnt of 

Canavalia beans, f o r  which I again express my s i n c e r e  thanks. I n i t i a l l y ,  it 

was impossible t o  bring t h e s e  beans t o  germination. They swelled up, but before 

t h e  t h i c k  episperm was e n t i r e l y  o f f ,  they s t a r t e d  t o  r o t  because of an a t t a c k  

by bac te r i a .  One of t h e  gardeners, however, who always nursed my p l a n t s ,  found 

a way: he painted t h e  beans with a small artist 's brush plunged i n  motor o i l  

before he planted them. A s  long a s  t h e  young germ was not ye t  above t h e  ground, 

he d id  not water them. And indeed, from then on, a l l  seeds came up n ice ly  with- 

out a s i n g l e  exception. 

The W e s t  Indian p l a n t s  were much more robust  and more vigorous than t h e  

European p l a n t s ,  which had t o  be ascribed t o  t h e  more favorable circumstances 

under which they were growing, i n  comparison with t h e  European p lan t s ,  which 

had t o  be nursed i n  boxes. But regardless  of how d i f f e r e n t  t h e  o r i g i n  might 

have been, t h e  d a i l y  movements of t h e  leaves were f o r  t h e  most p a r t  s i m i l a r  

t o  each o t h e r ,  a s  can be seen, f o r  ins tance ,  by comparing Figure 4 with Figure 5. 

I used t h e  leaves  only a f t e r  they d id  not grow any more, which is about a f t e r  

4-5 weeks, and I never continued a t e s t  u n t i l  t h e  leaves s t a r t e d  t o  look poor. 

I t  is astonishing how much t h e s e  sprouts  could t o l e r a t e .  After four teen  - /39 

days i n  constant  darkness t h e  leaves were still a s  f r e s h  a s  a t  t h e  s t a r t .  I 

o f t en  kept p l a n t s  which became too  old f o r  me t o  experiment with i n  a dark corner 

of t h e  chamber, o r  of t h e  greenhouse, u n t i l  t h e  leaves  s t a r t e d  t o  become yellow. 

Yet, t h e i r  movement still continued r a t h e r  well. 

The experimental greenhouse i n  which I worked was very l a rge ,  and it had 

much l i g h t  on a l l  s ides .  It could be kept f a i r l y  warm i n  t h e  winter ,  even 

though t h e  temperature was na tu ra l ly  not constant .  



With regard t o  humidity, t h e  greenhouse i n  which I worked was thoroughly 

sprayed twice a day. 

The times a t  which t h i s  happened were always p rec i se ly  noted by m e  o r  

by a gardener. But I could never f i n d  any s ign  t h a t  a f t e r ,  and because o f ,  

t h e  spraying t h e  pos i t ion  of leaves chasged. 

My t e s t s  with a r t i f i c i a l  l i g h t  were made i n  a dark chamber. I l luminat ion  

was obtained by means of two Ph i l ips  500 watt  sun l igh t  lamps. These lamps 

hung i n  a l a r g e  g l a s s  b e l l .  Each b e l l  r e s t ed  on a cork r i n g  i n  a somewhat wider 

be l l .  Cold water continuously flowed through t h e  space between t h e s e  two 

b e l l s ,  so  t h a t  t h e  p l a n t s  which were kept between t h e  two lamps were always 

exposed t o  a constant  temperature. I threw a small g ra in  of mercury b ich lo r ide  

i n t o  t h i s  water from time t o  time, so  t h a t  no a lgae  could develop. Each of 

t h e  b e l l s  stood i n  a s i n k  through which t h e  water drained o f f .  The lamps were 

placed s o  high t h a t  t h e  l i g h t  f e l l  upon t h e  leaves  r i g h t  from above. The d i s -  

tance  between t h e  two lamps was 85 cm, between which t h e  p lan t s  were set up 

with t h e  t r i p o d s  and t h e  kymograph, which was o f t e n  very d i f f i c u l t .  Most of 

t h e  time I recorded two p l a n t s  a t  a time on one drum, s o  t h a t  four  p l a n t s  were 

recorded a t  t h e  same t ime,  which g rea t ly  increased t h e  r e l i a b i l i t y  of t h e  r e s u l t s .  

The following arrangement was made i n  order t o  keep humidity constant .  A copper 

T-pipe was mounted jus t  above t h e  bottom of a very l a r g e  water bath. The hor i -  

zonta l  por t ion  of t h e  pipe was 30 cm, wlnile on t h e  lower s i d e  a very l a r g e  

number of small holes  were bored. The water bath stood on a small e l e c t r i c  /40 - 
stove,  and t h i s  again on a t a l l ,  small t ab le .  A piece  of j u t e  rag was placed 

under t h e  T-pipe and fas tened on a wood stand which sloped a t  a 45' angle. 

With t h e  a id  of a t a p  which was placed on t h e  T-piece, t h e  speed with which 

t h e  water streamed from t h e  holes could be regula ted  i n  such a way t h a t  t h e  

water i n  t h e  water bath reached a high temperature before  it dropped on t h e  

j u t e  rag. A s  a r e s u l t ,  t h e  rag was cons tant ly  moist,  and, because of t h e  w a r m  

water,  steam ascended from it incessantly.  The water then ran  slowly down 

t h e  rod on a f r ees tone  s l a b  (which was placed i n  t h e  room f o r  t e s t s  which had 

t o  be ca r r i ed  out f r e e  of v ib ra t ion) ,  and from t h e r e  through a groove between 

t h i s  s l a b  and t h e  boards i n t o  t h e  sand c e l l a r ,  loca ted  under t h e  building.  

The water around t h e  lamps increased t h e  humidity so  very l i t t l e ,  t h a t  it was 

not no t i cab le  whether t h e  lamps were burning. For t h a t  matter ,  it was maintained 



a t  constant flow. With t h i s  arrangement, t he  self-recording hygrometer showed 

a humidity of 65%. 

To keep the temperature constant, the  Klpp firm of Delft ins ta l led  a 

thermoregulator, which kept the  temperature constant within 1 /2 '~ .  A second, 

small e l ec t r i c  stove was switched on a t  t h e  smallest drop of t h e  temperature, 

but a s  soon is the  required 25OC was reached, the  stove switched off again. 

The temperature remained constant i n  t h i s  way even on the  coldest  days i n  the  

winter; only on a couple of very hot days i n  July,  1925, did it r i s e  t o  29OC. 

I n  t h i s  dark chamber, there  was no gas pipe. 

Description and Discussion of t h e  Tests 

During the  discussion of t h e  various curves, many terms a r e  repeatedly 

mentioned which I w i l l  discuss here i n  more de ta i l .  

In Figure 2, we dis t inguish on the l ea f :  

The s t a l k  node (o) ,  which is the  node a t  the  t rans i t ion  of the  s t a l k  in to  

t h e  stem. A s  a r e su l t  of its movement, t he  s t a l k  droops i n  t he  evening, and 

moves up again i n  the  morning. The amplitude of t h i s  movement however is very 

small. 

The blade node (H) connects t h e  s t a l k  with t he  blade; t h i s  makes the  

blade droop i n  the evening and move upwards the  next morning. In  t h e . f i r s t  

case we speak of t he  nocturnal posit ion ( ~ i ~ u r e  3 ) ,  i n  t he  second case we 

speak of t he  diurnal posi t ion ( ~ i ~ u r e  2). Instead of nocturnal posit ion,  I 

also use t h e  word sleep posit ion,  without trying t o  hint  about a connection with 

Figure 3: Schematic out l ine  of 
the method which I used. 
Leaf i n  night position. 
Bplana t  ion i n  t he  text .  



In  studying t h e  reproduced curves, we kept  t h e  following i n  mind: 

a )  when t h e  leaf  droops, t h e  ind ica to r  moves upwards, so  t h a t  t h e  upper 

s i d e  o f  t h e  curve is i n  agreement with t h e  s l eep  pos i t ion  of t h e  l e a f ,  

Thus, t h e  lowest por t ion  of a  curve is t h e  movement of t h e  l ea f  i n t o  

t h e  d iurnal  pos i t ion ;  

b)  midnight is always indicated by a t h i c k  black l i n e .  

Twelve o 'c lock noon is indicated by a t h i n  l i n e  with a d a t e ;  

c )  f o r  t e s t s  i n  t h e  dark chamber, a  dark period is always indica ted  by 

a gray t i n t .  The "natural  n ight"  i n  t h e  chamber can be found always by t h e  

t h i c k  l i n e .  

I t  happened repeatedly during a fo rce fu l  movement of t h e  l a r g e  Canavalia 

leaves ,  t h a t  i n  t h e  s l e e p  pos i t ion  t h e  l e a f  passes through t h e  v e r t i c a l ,  

u n t i l  t h e  t i p  is f i n a l l y  pressed agains t  t h e  stem, sometimes with g rea t  force .  

During t h e  day, on t h e  o ther  hand, t h e  leaves  f requent ly  move upward with 

such f o r c e  t h a t  they point  obliquely upward. The amp1,itude of t h e s e  movements 

is f requent ly  more than 90'. A s  a  r e s u l t  t h e  ind ica to r  severa l  t imes r a n  

off  t h e  drum from above o r  from below, which shows i n  my curves a s  a  dot ted  

l i n e .  

Five strong r i b s  run through t h e  blade. Since I s h a l l  use  these  a s  one, 

I s h a l l  c a l l  t h e  middle one t h e  midrib (HD) (F igure  2 ) .  

I fas tened t h e  p u l l  thread t o  t h i s  midrib. I n i t i a l l y ,  I used pure gum 

a rab ic ,  but  when it seemed t h a t  t h i s  ge t s  loose  i n  t h e  g rea t  humidity of t h e  

dark chamber, I made a small hole  on both s i d e s  of t h e  midrib, and t i e d  t h e  

pu l l  thread around t h e  r i b ,  protec t ing  it with a small p iece  of cot ton.  It 

was s a f e  t o  do so,  s ince  it was shown i n  a t e s t  t h a t  such a wound st imulus has 

not t h e  s l i g h t e s t  influence on movements. For t h a t  mat ter ,  P f e f f e r  a l s o  used 

t h i s  method with t h e  much more d e l i c a t e  Phaseolus leaves. 

The d i s t ance  from t h e  blade node t o  t h e  p u l l  thread is designated HD. 

In order  t o  be able  t o  compare t h e  curves obtained a s  much a s  poss ib le ,  I t r i e d  

t o  keep t h i s  d is tance  always t h e  same. HD=7.5 cm i n  t h e  European p l a n t s  with 

t h e i r  r a t h e r  small leaves ,  while i n  t h e  powerful and l a rge  Surinam p l a n t s ,  

HD=8 cm. 



To obtain t h e  best  possible graph of t h e  leaf  movement, I took care  a t  t he  

start t o  ensure t h a t  when the  leaf  was i n  t he  horizontal  posit ion,  the  pul l  

thread was a t  a 60° angle t o  t h e  blade ( t o  saye space, i n  Figure 2 the  blade 

is drawn too c lose  t o  t h e  drum, with t he  r e su l t  t h a t  t h e  intended angle is 

too la rge  there)  . Of course, f o r  a l l  t h a t ,  a l ea f  movement i n  t h e  highest 

posit ion continues t o  give a somewhat larger  swing than when it is i n  t h e  lowest 

pos i t  ion. 

I convertea a l l  zzmes t o  standard astronomical time during t h e  months 

when t h e  daylight saving time was i n  effect .  

I had a large number of sprouts always ready f o r  use, from which I selected 

t h e  f i n e s t  and hea l th i e s t  specimens a t  t h e  start of a t e s t .  The one lea f  of 

such a plant I designated P with s e r i a l  number, t h e  opposite l ea f  was designated 

P 1  with t h e  same s e r i a l  number. Almost a l l  t e s t s  were made with two, often 

even with four  p lan ts  a t  the  same time, i n  order t o  make t h e  r e su l t  a s  r e l i a b l e  

a s  possible,  and t o  eliminate possible individual deviations. I often made 

t h e  same t e s t  several  times t o  obtain absolute r e l i a b i l i t y .  Here, I w i l l  always /43 - 
reproduce only one curve, selecting t h e  one which shows t h e  r e s u l t s  obtained 

i n  t h e  f i n e s t  way. But I would l i k e  t o  repeat once more t ha t  from a number 

of curves with more o r  l e s s  opposite f indings,  I did  not se lec t  t h e  ones 

which agree best with a theory, but t h a t  d i f fe ren t  plants  showed the  same 

phenomena. 

A l l  f igures  a r e  reproduced a t  one t h i r d  t h e i r  actual  s ize .  

B. Tests i n  t he  Greenhouse 

I. Discussion of Normal Curves 

greenhouse. 



Figure 5: P16. Normal curve. Experimental 
greenhouse. 

We have seen through t h e  l i t e r a t u r e  review t h a t  t h e  great question exis t ing 

with respect t o  nyctinasty is whether t h e  movements a re  autonomous o r  aitiogeneous; 

I would now l i k e  t o  co l lec t  some new data,  whe~eby a conclusion sould be made - /44 

i n  favor of one o r  the  other  concept. Furthermore, I would l i k e  t o  pursue 

whether they carry out t h e i r  movements independently. 

For t h i s  we must first look a t  t h e  c w e s ,  which two d i f fe ren t  leaves of 

plants  from seed coming from Innsbruck, described during a week i n  the  experi- 

mental greenhouse. We can see these "normal curvesll of P15 and P16 i n  Figures 

4 and 5. It seems tha t  the  lowest posit ion is always reached about 12 o'clock 

a t  night;  thereaf te r  the  leaf  quickly moves upward and about 4 or  5 o'clock 

i n  t he  morning has already reached a very high position. This is followed by 

a more o r  l e s s  small re turn,  and a t  approximately 12 o'clock noon the  leaf 

has reached a peak position. It often passes through the  horizontal a t  t h i s  

time, and stands obliquely upwards. In t h e  diurnal posit ion then, a number 

of swings a r e  carr ied out which Pfeffer  considered a s  llautonomousll movements. 

Yet, I could often observe tha t  when I inspected the  plants  f o r  one reason 

o r  another, especially when they stood i n  t he  dark chamber, I was able t o  

observe tha t  more small swingings developed. Stoppel C481 a lso  mentioned tha t  

her curves were l e s s  even when she touched the plants a few times. A s  w e  

sha l l  see l a t e r ,  &t is easy t o  rever t  t he  movement of leaves by creating darkness 

during the day, and by providing illumination a t  night. Such plants  a r e  i n  

t he  highest posit ion when t h e  plants  i n  the greenhouse a re  i n  t h e i r  s leep 

position. But then also,  small swingings a r e  carr ied out by the  f i r s t  



mentioned leaves.  These swings a r e  apparently not a sequela of certalin external  

condi t ions ,  but a r e  caused by t h e  d iu rna l  pos i t ion  i t s e l f ,  This is apparent 

from t h e  f a c t  t h a t  i n  constant l i g h t  and darkness, when s l eep  movements continue 

normally, t h e  small swingings recur  when t h e  l ea f  is i n  its highes t  pos i t ion .  

It is not improbable t h a t  t h e  weight of t h e  blade is t h e  main cause; f o r  i ts 

s t a t i c  moment, i .e . ,  t h e  node is t h e  l a r g e s t  when t h e  blade is i n  a hor izonta l  

pos i t ion ,  then i n  t h e  node t h e  g r e a t e s t  fo rce  must be applied,  Whenever t h e  

tu rgor  s l i g h t l y  decreases i n  t h e  node because of s l i g h t  disturbances,  o r  by /4  5 - 
r e s p i r a t i o n ,  evaporation, o r  o the r  metabolic funct ions ,  it must be f e l t  mostly 

i n  t h e  hor izonta l  pos i t ion  of t h e  l e a f .  What is more, both P f e f f e r l s  and my 

methods show t h a t  i n  t h i s  pos i t ion  t h e  recording is t h e  most s e n s i t i v e ,  In 

addi t ion ,  one p lan t  is supposed t o  be  more s e n s i t i v e  than t h e  o t h e r ;  t h e r e f o r e ,  

t h e  small swingings o f t en  show very g rea t  individual  d i f ferences .  

The smaller  n ight  peaks on 17 and 18 November a r e  pecu l i a r  f o r  both p lan t s .  

The cause of t h i s  is d i f f i c u l t  t o  e s t ab l i sh .  I suspect t h a t  temperature played 

a considerable r o l e  here. The days preceding t h e  one on which t h e  t e s t  s t a r t e d  

were very cold ,  which should have had some inf luence ,  because t h e  p l a n t s  were 

s t i l l  i n  t h e  nursery greenhouse, which had l i t t l e  heat ,  while t h e  greenhouse 

where t h e  t e s t s  were made was much warmer (duwSng t h e  day up t o  25' t o  30°C), 

so  t h a t  t h e  amplitudes soon become much grea ter .  It is worthy of note t h a t  

during t h e  e n t i r e  week of 17 t o  24 November t h e  days were dark and the  weather 

very f a l l - l i k e ,  with a moment of sunshine now and then. The decreased illumina- 

t i o n  and unfavorable time of t h e  year  appear t o  have very l i t t l e  inf luence  upon 

nyctinasty.  I assume t h a t  a l l  t h i s  time ass imi la t ion  must have been extremely 

small. I n  con t ras t  t o  t h e  statements of Cremer [ I l l ,  I could not  f ind  t h e  

s l i g h t e s a  d i f fe rence  between winter  and summer curves, Even t h e  p l a n t s  which 

stood i n  t h e  dark chamber had almost s i m i l a r  curves t o  t h e  ones reproduced here ,  

no matter  what season of t h e  year  it w a s ,  and, oddly enough, even f o r  t h e  

r eve r sa l  o r  prolongations of t h e  period. Compare Figures 19,  29, 30 and 36. 

The drop and r i s e  of leaves  occurs r a t h e r  r ap id ly  and very regular ly .  

In  t h e  majori ty of cases  t h e  lowest pos i t ion  is reached between 10 and 2 o 'c lock 

a t  night .  Deviations from t h i s  occur now and then,  but then a l s o  with most 

p l a n t s  a t  t h e  same time, so t h a t  we must take  a s  i ts cause one o r  another 

devia t ion  i n  t h e  external  environment. 



I f  we compare these  times with what other  authors gave f o r  Phaseolus, 

we f ind  q u i t e  a  few di f ferences .  In t h e  case  of P f e f f e r ' s  [29, 31, 231 

curves,  t h e  lowest pos i t ion  f a l l s  always before 12 o 'c lock a t  n ight ,  On /46 - 
t h e  o ther  hand, Stoppel found it t o  be between 3 and 5 o 'c lock i n  t h e  morning. 

With Cremer [ll], it is between 3 and 6 o 'c lock i n  t h e  morning, while Schweidler 

[371 and Sper l ich  could f i n d  no d e f i n i t e  time, but they ind ica te  it between 

midnight and 11 o 'c lock i n  t h e  morning. Bose [71 f i n d s  t h e  lowest pos i t ion  

f o r  Mimosa around 6 o 'c lock i n  t h e  afternoon, and t h e  highest  around 7 o 'c lock 

i n  t h e  morning. 

P f e f f e r ' s  statement comes i n  c l o s e s t  agreement with my f indings  f o r  

Canavalia. 

2. Tes t s  with an A r t i f i c i a l  Leaf and with a Covered Blade 

The quest ion arose  whether i n  t h e  case  of n y c t i n a s t i c  movements, we could 

a l s o  speak of a  perceptive blade and a responding node. 

For t h i s  I removed t h e  blade from a f i n e ,  s t r a i g h t  l e a f ,  with t h e  exception 

of a  very small p a r t ,  a t  t h e  blade node. To t h i s  I fastened an a r t i f i c i a l  

aluminum blade which was exact ly  a s  heavy a s  t h e  removed por t ion ,  while t h e  

p u l l  thread was fas tened a t  7.5 cm dis tance  from t h e  node. Although on previous 

days t h i s  l ea f  described a normal curve, the  next day t h e  movement had already 

stopped; t h e  ind ica to r  scribed a hor izonta l  l i n e .  The contro l  p lant  reac ted  

normally. The node on which t h e  a r t i f i c i a l  leaf  was fastened looked p e r f e c t l y  

heal thy and turgescent ,  while a f t e r  a  few days it seemed t h a t  i t s  s t a l k  made 

e n t i r e l y  normal d a i l y  movements, which were exact ly  a s  l a r g e  a s  in  t h e  con t ro l  

p lant .  However, when I repeated t h i s  t e s t  once more l a t e r ,  t h e  a r t i f i c i a l  

l ea f  did not move a s  quickly,  but on t h e  f i r s t  few days the  movements were 

s t i l l  small ,  i n  t h e  usual d a i l y  rhythm. For reasons t o  be mentioned l a t e r ,  

it occurs t o  me t h a t  t h i s  i s  t h e  r e s u l t  of t h e  strong wound st imulus,  s ince  

when the  e n t i r e  r i b s  a r e  removed, so  much water is supposed t o  accumulate i n  

t h e  node t h a t  movement is made impossible. 

In order  t o  avoid the  objec t ion  about wound st imulus,  I changed t o  wrapping 

t h e  blade with paper. I l e t  a l l  four  leaves ,  P13, P13',  ~ 1 4  and ~ 1 4 1 ,  from 

two strong p l a n t s ,  w r i t e  normal curves f o r  a  few days. Then, on November 3 ,  /47 - 
t h e  whole blade of Pl3 '  was wrapped i n  a  shining white kymograph paper, and 



t ha t  of PI41 i n  d u l l ,  dark paper such a s  is used i n  photography; the  papers 

were of exactly t h e  same weight. The blade nodes remained uncovered. We see 

the  r e s u l t s  i n  Figures 6 and 7. The leaves dropped equally deeply a t  night ,  

but during the day they did not r i s e  a s  high as usual. 

Figure 6: P13'. Blade i n  white paper. Experimental greenhouse. 

Figure 7: ~ 1 4 ' .  Blade i n  black paper. Experimental greenhouse. 

The s m a l l  swingings i n  the  diurnal posit ion almostdisappeared, s ince the  

leaves were only at an upward angle because of the  weight of the paper. It 

seems t h a t  one cannot speak of a dif ferent  influence of white and black paper. 

The opposing leaves P13 and ~ 1 4  served a s  control ,  and showed no deviation. 

I removed the  paper on November 8, and very sbon the  movement was normal again. 

Two days l a t e r  I reversed the  t e s t .  Now, the black paper was wrapped around 

PI31 and t h e  white around P1kt, again with t he  same resu l t .  The movement was /48 



cer ta in ly  somewhat smaller than normal, but it was not deviating from it. 

Figures 8 and 9 show t h a t  there  was no d i f fe ren t  e f fec t  from white and black 

paper. 

The following is peculiar. Figures 8 and 9 show l e s s  low a peak during 

t he  night from 13 t o  14 November i n  both plants ,  but t he  two control  p lants  

a lso  d~ooped l e s s  low a s  on other nights.  Thus, t he  same f ac to r  which hindered 

t he  normal leaves i n  reaching t h e i r  deepest posit ion made i t s e l f  f e l t  on t h e  

leaves wrapped i n  paper. A l l  these  days were very cold and dark, so t h i s  must 

account f o r  t h i s  phenomenon. We can see  again, even with these leaves wrapped 

i n  paper, t h a t  t he  lowest posit ion is reached almost always around 12 o'clock 

a t  night,  t h e  highest around 12 o'clock noon. 

Figure 8: ~ 1 4 1 .  Blade i n  white paper. Experimental greenhouse. 

Figure 9:  P131. Blade i n  black paper. Experimental greenhouse. 

There are  now three  pos s ib i l i t i e s .  The unwrapped nodes have perceived the  

a l te rna t ion  of day and night;  thus they are simultaneously reacting and perceiving, 

t he  opposite normal l ea f  had induced the  movement i n  t he  covered l ea f ,  o r ,  

there  is a sti l l  unknown f ac to r  a t  work which eas i ly  passes through the  white 

o r  black paper. That it should be afftereffects seems t o  me out of t he  question, 

since t h e  movements l as ted  a whole week and they cer ta in ly  did  not decrease 

i n  in tensi ty .  For t h a t  matter, the  already mentioned lower peak i n  a l l  four 

leaves argues against t h i s  pos s ib i l i t y  also. 



P f e f f e r  [321 found something s imi lar .  A s  ea r ly  a s  1915, he r e p o r t s :  

"Nevertheless, t h e  p lant  r e a c t s  i n  such a way t o  changes i n  i l lumination 

even when only t h e  node is exposed t o  l i g h t ,  but the  blade and a l l  o ther  p a r t s  

a r e  kept i n  constant  darkness." It is unfortunate t h a t  he does not give anything 

fu r tha -  on t h e  course of the  curves,  and t h a t  none of them a r e  reproduced. 

3. Tes ts  with Cut Leaves 

A publ ica t ion  of L. G .  Rommell [ 3 4 ]  i n  1918 mentions t h a t  roo t  pressure  

has a  c l e a r l y  expressed d iu rna l  period which a l s o  seems t o  be present  i n  p l a n t s  

which a r e  r a i sed  under completely constant condi t ions  i n  constant  l i g h t .  I t  

is not unthinkable t h a t  t h i s  pe r iod ic i ty  should have a more o r  l e s s  g rea t  

influence on t h e  s l e e p  movements. Generally, it seemed t o  be des i rab le  t o  

inves t iga te  how nyct inas ty  is r e l a t e d  t o  t h e  e n t i r e  metabolism of t h e  p lant .  

By working with cu t  leaves ,  I could el iminate not  only t h e  influence of 

t h e  e n t i r e  root  system, but a l s o  an induction poss ib le  from another l e a f .  My 

f i r s t  method was t o  cut  o f f  t b e  leaves under water ,  placing wet cot ton  pads 

on t h e  wet surface ,  and then f a s t e n  t h e  s t a l k  on a g lass  rod. This  rod with 

t h e  l ea f  on it was then placed i n  a  t e s t  tube with water;  t h e  tube was fas tened 

t o  t h e  clamp of a  t r i p o d  stand.  This tube was a t  such an angle t h a t  t h e  s t a l k  

made t h e  same angle with t h e  v e r t i c a l  a s  when it was still on t h e  p lant .  Thus 

t h e  pos i t ion  of . the l ea f  d id  not ac tua l ly  change. By t h i s  fas tening on t h e  

rod,  it was poss ib le  t o  t a k e  t h e  leaf  any time from t h e  tube f o r  c u t t i n g  off  

t h e  wound surface. When t h e  l ea f  was replaced i n  t h e  t e s t  tube,  I was assured 

of t h e  l e a f  having t h e  same pos i t ion  a s  before i ts  removal. Later ,  I used 

a method which l e d  t o  quicker r e s u l t s .  I took a few small,  250 m l  b o t t l e s  

which a l s o  had an opening a t  t h e  bottom. A rubber plug was placed i n  t h i s  

bottom opening through which a g lass  tube  passed, somewhat th icke r  than t h e  /W - 
s t a l k  which was bent j u s t  so f a r  t h a t  t h e  s t a l k  t h e r e i n  had t h e  same pos i t ion  

a s  on t h e  p lant .  This  tube  reached almost t o  t h e  neck of t h e  small b o t t l e ,  

so  t h a t ,  when it was f u l l  of water ,  t h e  s t a l k  had s u f f i c i e n t  moisture. This  

made d a i l y  r e f i l l i n g  unnecessary, and moreover, took up much l e s s  space on 

t h e  t a b l e  than a t e s t  tube i n  t h e  t r ipod.  

In  order  t o  prevent ,  t o  t h e  extent  poss ib le ,  any metabolic d is turbances ,  

I placed t h e  leaves i n  Knop nu t r i en t  so lu t ion .  



For a l l  t e s t s  I made there  was one (sometimes two) control  leaf present 

which scribed t h e  normal curve, while each leaf used f o r  one t e s t  o r  another 

always recorded the  normal curve f o r  a t  l e a s t  four  days. This eliminated 

accidental deviations, and I was sure t ha t  no l ea f ,  which showed abnormal 

movements i n  any way, was used i n  t h e  t e s t s .  Of course, I did  not reproduce 

t he  normal curve every time. For or ientat ion,  I cut  off a good lea f  from 

a p lan t ,  and recorded its movements. To my disappointment, t h e  movements were 

already considerably l e s s  a f t e r  24 hours, and t h e  leaf s t a r t ed  t o  become limp. 

When the  movements p rac t ica l ly  stopped a f t e r  two days, I assumed tha t  wound 

t i s s u e  had formed which obstructed t h e  water access, and, as  a r e s u l t ,  the  

s leep movements. I had l e f t  a large portion of t h e  s t a l k  node on t h e  s t a l k  

when cut t ing the  leaf  of the  plant ,  s ince I sti l l  did not suspect what a great  

r o l e  t h i s  would play. I cut  off a considerable piece of t he  s t a lk ,  t o  remove 

t h e  supposed wound t i s sue ,  whereby t h i s  piece of t h e  s t a l k  node disappeared. 

The next morning I was surprised by the  change which had occurred i n  t he  lea f .  

It was almost normally turgescent again, t he  yellow spots  had almost disappeared, 

and there  was considerably increased movement. I noticed on the  previous day 

t h a t  there  was no wound t i s s u e  t o  be found a t  the  cut  piece of stem; I could 

only f ind  a few black dots  on t h e  cut  surface. Therefore, it seemed improbable 

t o  m e  t h a t  its removal should have had such a strong influence on t h e  leaf .  /51 - 
Therefore, I repeated t h e  t e s t  once more with increased care. Plants P16 and 

P17 had recorded very nice,  normal curves, despi te  t he  dark, cold weather. 

On December 8, I cut  off t h e  two leaves from P17, i n  such a manner t h a t  P17' 

had no s t a l k  node, and Pl7 had still one s t a l k  node. I took the  two leaves 

from a s ing le  plant  on purpose, i n  order t o  avoid individual differences a s  

much a s  possible;  i n  addit ion,  I took the  most powerful leaf wi th  node of these 

two, and somewhat l e s s  vigorous one without node. P16 was the  control plant 

during t h i s  t e s t .  In  Figures 10 and 11 we see the  great  difference. Pl7 ' ,  

without t h e  s t a l k  node, continues t o  move p r a c t i ~ a l l y  unohanged. We could not 

see  from t h i s  curve t ha t  it was not a whole plant ,  but a cut  leaf .  P17, on 

t he  other  hand, with t h e  node, immediately became considerably l e s s ,  which 

shows up w e l l  from t h e  par t  of t h e  normal curve which was reproduced. The out- 

Figure 10: Pl7 ' .  Cut l ea f ,  
without s t a l k  node. 
Experimental greenhouse. 



Figure 11: Pl7. From 5 t o  8 December: normal curve. From 8 t o  
12 December: cut  leaf  with s t a l k  node. FXperimental 
greenhouse. 

s ide  of t h i s  leaf  has a l so  markedly changed. P17' is green and turgescent, - /52 

Pl7, however, is limp and has yellow spots ,  which have expanded considerably 

along the  midrib a f t e r  four days. On Pla te  1, we can c lear ly  see t h e  difference 

between t h e  two leaves (taken 12 December, i n  t he  afternoon around 2:30). 

On 12 December, I cut  away t h e  s t a l k  node i n  P17, and although it was 

a very dark day and t h e  weather was cold,  t he  leaf  immediately recovered; on 

t he  same night it drooped much lower than was t he  case u n t i l  now. In t h e  

following day the  movements returned t o  a considerable extent,  t he  leaf  again 

became turgescent and t h e  yellow spots were smallen on the  next day; f i n a l l y  

they disappeared. Pl7' continued t o  move with vigorous amplitude during t h i s  

time. Pla te  2, taken on t h e  same time of t h e  day a s  P la te  1, shows P17 a f t e r  

its recovery. The change which occurred i n  t h e  leaf comes out well on both 

plates.  

Figure 12: P17. After removal of t h e  s t a l k  node. Experimental 
greenhouse. 



Figure 12 shows the  curve which t h e  leaf had described during the  week. 

Both Pl7 and PI71 s t a r t ed  t o  show signs  of deter iorat ion on 18 December. Thus, 

t he  leaves continued t o  move normally well over 10 days. I made a s imilar  t e s t  

i n  t he  dark chamber also. Although t h i s  was not possible u n t i l  February of 

t he  next year because of ce r ta in  circumstances, I w i l l  report  t h e  r e s u l t s  here. 

I took four  leaves of two plants  which were ra ised i n  t h e  greenhouse. One leaf 

with s t a l k  node and one leaf  without s t a l k  node were used from each plant.  

The r e s u l t s  were s i m i l a r  t o  those obtained i n  t h e  greenhouse. I n  Figure 13, 

we see t h e  curve of P28 without, and of P28' with, t he  mode. During t h i s  t e s t ,  

temperature, humidity, and illumination ( 2  lamps of 1000 candles each) were - 133 
constant. In P28f t he  movement, except f o r  t he  smallest undulations, ceased 

by 12 o'clock, a s  opposed to  t h e  other leaf which shows, it is tnne, not so 

vhgorous but still dis t inc* periodic movement, although it was i n  constant 

l igh t .  The leaf with node i n  t h e  greenhouse a t  l e a s t  still showed a small 

movement, which was missed here ent i re ly .  Another difference from the  green- 

house experiment is t h a t  i n  t he  dark chamber t he  leaf  with t h e  s t a l k  node did 

not get  any yellow spa ts ,  but dried up ent i re ly .  F i r s t  it became limp, then 

the  top s t a r t ed  t o  become dry u n t i l  f i n a l l y  t h e  whole blade became dry and 

s ta r ted  t o  cur l  along t h e  edges. The leaf  pulp along t h e  midrib remained in t ac t  

the  longest. The co lor  of such a leaf is dark green, and, I repeat ,  without a 

Figure 13: P28 ( so l id  l i n e )  without s t a l k  node. P281 (dotted l i n e )  
with s t a l k  node. Dark chamber. 

t r ace  of yellow spots. To be cer ta in ,  I repeated t h e  process with two more 

leaves, without recording the  movements. The process always had the  same course: 

i n  t h e  greenhouse yellow spots,  i n  t h e  dark chamber rapid drying and dark green 

color. Undoubtedly we a r e  dealing here with an a r r e s t  of water, due t o  t h e  



presence of the  s t a l k  node. A s  soon as  t h i s  is not c u t  away, the  leaf recovers, 

both i n  the greenhouse and i n  the  dark chamber, only h e r e  not a s  completely, /54 - 
They always remain somewhat limp, especially when t h e  process was permitted t o  

go on fo r  a long period. Finally,  I took two leaves wi th  s t a l k  nodes, and two 

leaves without, P18-P22, and P18'-P221 respectively, and every day I weighed 

these four leaves t o  t rack  down the  speed of exsiccation; the leaves were kept 

i n  the  dark chamber under constant conditions, a f t e r  the s t a lks  were careful ly  

dried up. Figure 14 shows once more the  difference i n  t h e  appearance between 

two such leaves, i.e., P18 and P22'. 

Figure 14 : P18 with s t a l k  node. 
P22' without s t a lk  node. 

Here is the  obtained table:  

-A 

- I P l 8  I i18' I P22' 1 P22-, 
, 

2 Feb 1,705 g 1,420 g 1,070 g 1,140 g 
3 Feb 1,189 . 1,390 . 1,104 , 0,995 . , ! 

1 .: 0,894 . 1,445 1 1,116 ,;:+ 0,994 
0,831 , 0,865 ,, 1,405 , 1,114. . 

7 Feb 0,798 . 1,494 . 1,130 . O,@S . 
0,796 ? 1,508 . 1,150 . 0,770 rn 

, ,, -- 
Commas represent decimal poinxa. 



We n o t i c e  t h a t  t h e  normal leaves  continue t o  gain i n  weight, while t h e  

o the r s  d e t e r i o r a t e  r a t h e r  quickly. 

In order  t o  f i n d  t h e  cause of t h i s  pecul iar  behavior of t h e  s t a l k  node, 

I then inves t iga ted  whether I could observe some anatomical d i f ference  on 

microscopic sec t ions .  I d id  not succeed i n  t h i s  a s  y e t ;  I d id  not  have enough 

time t o  t a k e  t h i s  up i n  more d e t a i l .  Yet I am c e r t a i n  t h a t  something w i l l  come 

t o  l i g h t ,  e spec ia l ly  i n  connection with a pecul iar  f a c t  which I observed accidenta l ly .  

I s e t  a number of p l a n t s  t o  be used f o r  t e s t s  i n  a corner of t h e  dark chamber, /55 - 
and no f u r t h e r  a t t e n t i o n  was paid t o  them. After  a few days, I found one morning 

t h a t  t h e  two leaves  had f a l l e n  o f f  and were lying next t o  t h e  stem. A t  c l o s e r  

inspect ion ,  it seemed t o  me t h a t  t h e  l a r g e r  p a r t  of t h e  node was still f i rmly  

at tached t o  t h e  s t a l k .  A l aye r  of cork had formed on both f r ac tu red  surfaces  

on t h e  p lace  where t h e  node of t h e  stem was detached. This leads  me t o  assume 

t h a t  when a l e a f  with s t a l k  node is cut  and put i n  water ,  t h e  cork l aye r  begins 

t o  form very soon; thereby,  water access t o  t h e  leaf  is blocked. Closer 

inves t iga t ions  may determine whether t h i s  assumption is cor rec t .  Meanwhile, 

t h i s  quest ion has l i t t l e  t o  do with t h e  matter  of nyct inas ty ,  and I s h a l l  not 

pursue it any f u r t h e r  . 
The t e s t s  with cut  leaves c e r t a i n l y  show t h a t  t h e  s l eep  movements a r e  

e n t i r e l y  independently local ized  i n  t h e  l e a f .  Other processes which occur i n  

t h e  r o o t s  and i n  t h e  stem the re fo re  have l i t t l e  o r  no influence on nyctinasty.  

While I made t h e s e  t e s t s ,  I was a l s o  carrying out  o ther  inves t iga t ions  

i n  t h e  dark chamber, which were espec ia l ly  concerned with t h e  inf luence  of 

i l luminat ion ,  and by its very na tu re  form a united whole i n  some respects .  

Therefore, I s h a l l  d iscuss  them a f t e r  t h e  greenhouse t e s t s .  

The inves t iga t ion  i n  t h e  greenhouse was a search i n  var ious  d i r e c t i o n s  i n  

t h e  hope t h a t  a phenomenon would present  i t s e l f ,  which would throw some l i g h t  

on t h e  s t i l l  so  confused and complicated p i c t u r e  of t h e s e  s l eep  movements. 

Although many of t h e s e  experiments d id  not produce any r e s u l t s ,  t h e r e  were a 

number which I f i n d  worthwhile t o  mention here. 

I wanted t o  inves t iga te  t o  what extent  t h e  movements of t h e  nodes were 

influenced by humidity. For t h i s  purpose, I placed two leaves upside down i n t o  

a small d i s h  with water so t h a t  t h e  blades were p a r t l y  under, p a r t l y  above, t h e  

water. The p a r t  which protruded from t h e  water was g rea te r  than t h e  immersed 



pa r t ,  so t h a t  assimilation was disturbed a s  l i t t l e  a s  possible. The s t a l k s  

stood out above the  water. The pul l  threads were fastened on the  s t a lk s ,  a t  

a distance of 7.5 cm from the  blade node, One leaf ( ~ 4 7 ' )  was put i n  t h e  g lass  I /56 

dish so t h a t  t h e  blade node was under water; the  other  leaf ( ~ 4 7 )  was placed 

such t h a t  t h e  node was kept above the  water with t h e  a id  of a small piece of 

stone placed under it. This small piece of stone secures the  blade so t h a t  

it could not s h i f t  during the  t e s t .  Figure 15 shows t h e  arrangement of ~ 4 7 1  

with submerged node. Figure 16 sepresents t h e  curves which t he  two s t a l k s  

P47 and P47' recorded from 12 t o  19 March. The curves show tha t  during t h e  

f i r s t  f e w  days t h e  movement is ind is t inc t ,  but thereaf te r  it again shows the  

usual da i l y  period, although with a smaller amplitude. The pecul iar i ly  is tha t  
- -  - 

Figure 15: P47'. Explanation i n  
t h e  text .  

only i n  P47', where t h e  node is under water, the  movement re turns  two days 

ear l i e r .  The assumption had been made t h a t  t h i s  node absorbed so much water 

t h a t  the  movements would cease. A s  is shown i n  t h e  f igure ,  from March 16 on 

there  is generally much agreement between t h e  movements of t he  two s ta lks .  

Figure 16: P47' ( so l id  l i ne ) .  Blade half under water. Blade node under 
water. P47 (dotted l ine) .  Blade half  under water.   lade 
node above water. Greenhouse experiment. - 

In a r epe t i t i on  of t h i s  t e s t ,  I obtained t h e  same resu l t .  The explanatioa of 

t h i s  is d i f f i c u l t  t o  give: e i ther  the  external  stimulus departs by t h e  water, /57 - 
or  it is perceived by t h e  par t  of t h e  blade standing out above t h e  water, and 

from there  is conducted t o  t h e  node. Meanwhile it became desirable  t o  invest igate  

whether perhaps assimilation could have some influence on nyctinasty. For t h i s  



purpose two cut leaves, each on a kymograph, were s e t  under two large glass  

be l l s .  Each of these  b e l l s  stood i n  a copper tank with two holes i n  t he  bottom, 

wherein rubber plugs were fastened with glass  tubes. The b e l l  is fastened 

a i r t i g h t  i n  t he  tank with a broad rubber band. With t he  aid of an aquarium 

pump, a i r ,  which was f i r s t  separated from carbonic acid,  was conducted through 

t h e  glass  be l l s ,  so  t ha t  t he re  was always a small overpressure. But ne i ther  

i n  t h e  greenhouse nor i n  t h e  dark chamber under completely constant conditions 

could I observe a d e f i n i t e  influence. The movement of t h e  leaves is l e s s ,  

but t h a t  a l so  happened when normal a i r  was passed through; I had no opportunity 

t o  continue these t e s t s  i n  greater  de t a i l ;  i n  addit ion,  I became convinced from 

other indications t h a t  t he  influence of assimilation on t h e  s leep movements 

is not very large. 

4. Tests with Leaves under Water 

Suessenguth [51], i n  h i s  t tInvestigations of t h e  var ia t ion  movements of 

leaves," repor ts ,  among other  things,  tha t  he kept leaves i n  s a l t  solution 

t o  study i ts effect .   h he leaves were kept i n  it upside down t o  prevent t h a t  

l iqu id  from get t ing on t h e  ground.) Some leaves were kept upturned i n  usual 

water f o r  control;  t h e i r  movements continued normally. I decided t o  make t h i s  

t e s t  also. Cut leaves were fastened i n  the  described manner i n  bo t t l es ,  and 

then, with t h i s  b o t t l e  under water, placed in  a l a rge  glass  tank. The leaves 

were en t i r e ly  immersed. A small sect ion of t he  pu l l  thread t o  the  indicator ran 

through t h e  water. The leaves quickly assumed t h e i r  equilibrium position. A s  

a r e su l t  of the  upward pressure of water they slanted upwards, and then did  not 

make any more movement. This r e su l t  was somewhat unexpected, i n  comparison /58 - 
with what we found when we, a s  i n  t he  previous t e s t ,  kept t h e  node with a portion 

of t he  blade under water. I assume t h a t  t he  node was not able  t o  move the  

la rge  blade against t he  upward pressure of water. 

One drawback was t h a t  bac te r ia  developed very quickly, no matter how care- 

f u l l y  I rinsed off  t h e  leaves. When I touched t h e  leaves a f t e r  s i x  days, during 

which I renewed t h e  water twice, I saw t o  my astonishment t h a t  t he  blades were 

s i t t i n g  loose on t h e  s t a lk s ;  t h e  nodes were completely f u l l  of slime by bacteria.  

I repeated t h i s  test i n  t h e  dark chamber a t  constant temperature, humidity and 

also constant l i g h t ,  a f t e r  I had made t h e  bottoms and the  tanks bacterium-free 

a s  much a s  possible under streaming hot water. The two leaves, ~ 5 6  and P57, 



were motionless i n  24 hours,  a f t e r  they again f i r s t  assumed t h e  equilibrium 

posi t ion .  Two days l a t e r ,  on t h e  8% of Apri l ,  t h e  temperature was 2k0C i n  each 

aquarium a t  about 4 o ' c lock  i n  t h e  afternoon. In case  of P56, without bumping 

o r  bringing t h e  water i n t o  undulation, I put a l a r g e  piece of i c e  i n  t h e  tank 

with t h e  r e s u l t  t h a t  t h e  temperature gradually dropped, so  t h a t  it was 16O around 

4:34, thus  8O l e s s .  The i c e  was then pulled ou t ,  and t h e  temperature s t a r t e d  

very slowly t o  climb t o  room temperature of +24OC ( a f t e r  20 minutes, it rose  

only l o ) .  Both t h e  rapid  cooling and t h e  increase  i n  temperature were without 

t h e  l e a s t  e f f e c t  on t h e  l e a f ;  t h e  curve continued a s  a hor izonta l  l i n e .  A 

few days later, I removed t h e  lamps, and kept t h e  leaves i n  constant  darkness, 

but again without a t r a c e  of response. I do not need t o  reproduce t h e  obtained 

curves,  f o r  they a r e  pure hor izonta l  l i n e s ,  so  t h a t  everybody can imagine t h e i r  

course very  eas i ly .  

5. Removal of t h e  Upper o r  Lower Half of t h e  Node 

We have already pointed out i n  t h e  l i t e r a t u r e  review t h a t  t h e r e  is more 

than one concept a s  t o  t h e  manner i n  which t h e  leaves  r e a c t ,  when t h e  upper 

o r  t h e  lower s i d e  is removed from t h e  node. P fe f fe r  [28, 291 assumes t h a t  t h e  

two nodal halves r e a c t  on a s t imulus i n  t h e  same way, but with d i f f e r e n t  speed; 

f o r ,  when he removes t h e  upper ha l f  from t h e  node, t h e  leaves  go upwards i n  /59 - 
t h e  evenings. I f  t h e  lower ha l f  is o f f ,  then they w i l l  droop. I t  fol lows from 

t h i s  t h a t  t h e  tens ion increases  i n  t h e  evening i n  both halves. 

J o s t  [21] and Schwendener [381, however, f ind  t h a t  i n  a l l  cases  t h e  leaves  

maintain t h e i r  normal movement, which is only poss ib le  when t h e  tens ion i n  t h e  

lower ha l f  of t h e  node decreases i n  t h e  evening; then,  when t h i s  ha l f  alone 

is present ,  t h e  l e a f  w i l l  s t i l l  droop towards t h e  evening. I f ,  on t h e  o ther  

hand, t h e  upper ha l f  alone i s  present ,  and t h e  l ea f  droops i n  t h e  evening, 

then t h e  t ens ion  i n  t h e  node hal f  must have increased. They conclude t h a t  t h e r e  

is an uneven response i n  t h e  two s i d e s  of t h e  node. Then comes Wiedersheim C551 

with t h e  so lu t ion :  when hal f  of t h e  node is  cut  away up t o  t h e  vascular  bundles, 

a r eac t ion  a s  indica ted  by Pfe f fe r  follows. When, however, t h e  ha l f  is not 

cu t  away a s  deep, he f i n d s  t h e  same r e s u l t s  a s  Jost  and Schwendener. Lepeschkin 

[23], i n  1909, corroborated t h e  conclusion of Wiedersheim. Canavalia behaves 

i n  t h i s  matter s t i l l  i n  another way. The two leaves from a b ig ,  f r e s h  p lant  



were used. I n  P50 t h e  lower ha l f ,  and i n  P50t t h e  upper ha l f ,  of the  blade 

node was removed i n  such a way t h a t  t he  white vascular bundle was jus t  revealed- 

The wound surfaces were smeared with pure vasel ine  t o  prevent exsiccation. 

This cut t ing repeatedly showed tha t  t he  lower s ide  had much parenchymal t i s sue ,  

which immediately showed water. The upper s ide  is much tougher, and appears 

t o  have l e s s  water. Otherwise, t h e  nodes are exactly constructed a s  Phaseolus, 

of which Pfeffer  [28] gives a drawing i n  1875. We a l so  f ind a longitudinal 

and transverse c ross  section through such a node i n  h i s  1915 publication [321 

on page 6. 

A s  soon a s  t he  lower s ide  i n  P50 was cu t  away, t h e  upper half curved t o  

such an extent t h a t  t h e  blade went through t h e  ve r t i ca l  and was pressed against 

t he  stem of t h e  plant.  A s  can be seen from Figure 17, it semained motionless 

i n  t h i s  posi t ion f o r  a week; a l l  react ion capacity had disappeared. P501, 

however, with only t h e  under half  of t he  node, continues t o  stand completely 

horizontal ,  with t h e  only dif ference being t h a t  it droops a l i t t l e  more a t  

night;  during t h e  day, however, it stands more or l e s s  obliquely upwards. 

Figure 17 P50 ( so l id  l ine) .  Lower half  of t he  blade node is removed. 
P50' (dotted l i n e ) .  Upper half  of t he  blade node removed- 

Fiaure 18: P51. Control nl an t  Greenhouse experiment. 



In t h e  same f i g u r e  (171, we see  t h e  behavior of t h i s  l e a f ,  The d i f fe rence  from 

t h e  con t ro l  p lant  P51 is, as  it appears by comparing Figures 17 and 18, t h a t  t h e  

lowest pos i t ion  of P501, however small it is ,  now appears a t  6 o 'c lock i n  t h e  

morning, while P51 is a t  t h e  turning point  a t  exact ly  12 o 'clock.  I r epea t ,  

however, t h a t  t h e  movement of P50f was a l s o  barely pe rcep t ib le ,  so  t h a t ,  whenever 

we came i n t o  t h e  greenhouse l a t e  i n  t h e  evening, and a l l  Canavalia p l a n t s  were 

i n  deep s l eep  pos i t ions ,  those with only t h e  nodal lower s i d e  appeared t o  be /61 - 
p r a c t i c a l l y  i n  a  hor izonta l  pos i t ion .  It is again pecu l i a r  t h a t  we s e e  i n  t h e  

mentioned f i g u r e s  t h a t  P51 shows extremely good movement d e s p i t e  t h e  very dark 

weather. During t h e  n ight  of 23-24 March, it dropped s o  deep t h a t  t h e  ind ica to r  

ran  o f f  t h e  drum, but  even P51f dropped somewhat deeper than usual i n  t h e  same 

night  ( i n  t h e  f i g u r e s  indica ted  by an * ) .  The following night  P51 dropped very 

l i t t l e ,  while P501 only shows a f e e b l e  indica t ion ,  but nothing f u r t h e r  of a  

n ight  climax ( indica ted  i n  t h e  f i g u r e s  by **) .  I repeated t h i s  t e s t  without 

recording,  always with t h e  same r e s u l t .  It can be concluded from t h i s  t h a t  

t h e  under ha l f  of t h e  node shows much g rea te r  a c t i v i t y  than t h e  upper ha l f .  

My r e s u l t s  i n  t h i s  respect  do not agree with e i t h e r  those  of P f e f f e r  o r  those  

of J o s t  and Schwendener. Ifhen we assume t h a t  t h e  upper ha l f  has r a t h e r  g rea t ,  

but constant  tu rgor ,  and t h e  under ha l f  a  pe r iod ica l ly  a l t e r n a t i n g  tens ion,  we 

can expla in  t h e  curves of Figures 17 and 18. The tu rgor  should decrease on 

t h e  lower s i d e  of t h e  node i n  t h e  evening, a s  a  r e s u l t  of an external  cause,  

l e t  us say ,  t h e  l i g h t ,  t o  such an extent  t h a t  t h e  pressure  of t h e  upper ha l f  

increases  and it the re fo re  presses  t h e  l ea f  down. In  t h e  morning, then,  i n  

such a normal l e a f ,  t h e  turgor  w i l l  increase so  much i n  t h e  lower s i d e  t h a t  

it becomes s t ronger  than t h e  t ens ion  of t h e  upper s ide .  I f  t h e  upper ha l f  of 

t h e  node is not present ,  then t h e  l ea f  w i l l  c e r t a i n l y  droop t o  some degree toward 

t h e  evening through t h e  decrease i n  tens ion i n  t h e  under ha l f  of t h e  node; but 

much l e s s  so ,  because now t h e  p ressure  from above is missing. If  t h e r e  is no 

lower s i d e  any more, then t h e  upper half presses t h e  l e a f  down, and because 

t h i s  pressure  is constant ,  t h e  l e a f  w i l l  not move any longer. This t h e o r e t i c a l  

explanation is completely confirmed by t h e  r e s u l t s  of t h e  experiment. But 

a l s o  the  small swingings i n  a  normal l e a f ,  which is i n  a d iurnal  pos i t ion ,  can 

be explained i n  t h i s  manner. The tens ion of t h e  lower s i d e  of t h e  node, f o r  

example, is then g r e a t e r  than t h a t  of t h e  upper s i d e ,  but q u i t e  l i k e l y  not much 

so t h a t ,  when f o r  a l l  kinds of physiological reasons,  such a s  root  pressure ,  



r e s p i r a t i o n ,  evaporation, a s s imi la t ion ,  t h e  turgor  of t h e  lower s i d e  decreases 

somewhat, t h e  upper s i d e  would p ress  t h e  l ea f  downwards t o  some extent .  Then, /62 - 
when t h e  tens ion again increases  on t h e  upper s i d e ,  t h e  b lade  again r i s e s ,  e t c ,  

On t h e  o the r  hand, a t  night  t h e  pressure of t h e  upper s i d e  is so much l a r g e r  

than t h a t  of t h e  opposi te  s i d e  t h a t  small changes i n  t h e  tens ion a r e  not expressed, 

whereby t h e  night  peaks become q u i t e  regular .  

Perhaps f u r t h e r  inves t iga t ions  of t h e  turgor  i n  the  two node halves w i l l  

confirm t h i s  hypothesis.  

I continued t o  observe t h e  p l a n t s  which served f o r  t h e s e  t e s t s  f o r  some 

weeks i n  t h e  greenhouse, without not ic ing  any change i n  t h e  pos i t ion  of leaves. 

They continued t o  look completely heal thy ,  but P5O did  not move any more, while 

P50t continued t o  move up and down around t h e  hor izonta l .  

A s  I have already mentioned i n  t h e  in t roduct ion ,  t h e  l e a f s t a l k s  were f ixed  

i n  t h e  way indicated by Pfef fer .  Yet, I found such a f i rmly  fastened s t a l k  

unnatural t o  a  high degree. Therefore I wanted t o  omit f u r t h e r  f i x a t i o n .  But 

then,  of course,  it had t o  be  f i r s t  es tabl i shed by a t e s t  t h a t  l ea f  blade move- 

ments a r e  not changed thereby. Now, t h e  movement of the  s t a l k  is opposi te  t h a t  

of t h e  l e a f  blade. The l ea f  droops i n  t h e  evening; t h e  s t a l k ,  however, moves 

upward. The movement is extremely small i n  comparison t o  t h e  amplitude of t h e  

blade. On a  s trong p l a n t ,  I recorded t h e  movenent of one l e a f ,  P29, t h e  

s t a l k  of which was f ixed  i n  t h e  usual manner. Of t h e  opposi te  l e a f ,  P29',  t he  

movement of  t h e  l ea f  blade is recorded, whereas t h e  l e a f s t a l k  was f r e e ,  and 

a l s o  recorded a curve on t h e  kymograph with an indica tor .  The p u l l  thread of 

it was fastened 7.5 cm from t h e  s t a l k  node. The s t a l k  movement thereby could 

be d i r e c t l y  compared with t h a t  of t h e  two leafblades ,  where HD=7.5. 

Figures 19 and 20 permit us  t o  s e e  t h e  obtained r e s u l t s .  The f i r s t  one 

shows t h a t  t h e  d a i l y  movement was very regu la r ,  t h e  point  of r eve r sa l  always 

f e l l  around 12 o 'c lock midnight and 12  o 'clock noon, j u s t  a s  i n  t h e  Figures 4 

and 5 from t h e  f i r s t  ha l f  of November, whereas t h e s e  t e s t s  were made a t  t h e  

end of January. Figure 20 shows t h a t  t h e  amplitude of t h e  blade with f r e e  s t a l k ,  

it is t r u e ,  is somewhat smal ler ,  but is not devia t ing  from t h e  o ther  l e a f .  The L63 

l e a f s t a l k  hardly moved; between 12 and 2 o 'clock i n  t h e  afternoon t h e r e  was a 

sudden drop, quickly followed by a very slow erec t ion  which, about 6 o 'c lock 

i n  t h e  morning, again t u r n s  i n t o  a gradual drooping u n t i l  12 o'clock. The s t a l k  



Figure 19: P29. Leafstalk 
fixed. Greenhouse 

Figure 20: 

experiment. 

P29'. Solid l ine= 
leaf blade; dotted 
1 ine=l eaf st alk. 
Greenhouse experiment. 

is thus apparently always a few hours behind the  leaf  blade, and it works hpposite 

t o  its movement, so  t h a t  t he  amplidude of the  blade gets smaller. A s  a r e su l t  

of t h i s  t e s t ,  which I rechecked several times, I s ta r ted  t o  leave the  l ea f s t a lk  

f r e e  i n  my fur ther  experiments, so t h a t  only t h e  common stem of the  plant was 

fastened t o  a s t i c k  t o  prevent occasional bends o r  pulls .  

C. Tests i n  t h e  Dark Chamber 

1. The Movements of Plants Raised i n  Constant Light 

The arrangement of t he  dark chamber was already discussed i n  the  intro- 

duct ion. 

Pfeffer  [321 found i n  1915 tha t  Phaseolus leaves continue t h e i r  dai ly  

movement i n  constant l i gh t  tha t  t he  nodes are wrapped with black 

cotton pads. Stoppel [47] found i n  1912 tha t  she can grow Phaseolus i n  constant r 
darkness from seed t o  strong et iola ted plants  with good nutr i t ion.  Such seedlings s - 
st i l l  have a da i ly  cycle. Cremer [ll] confirmed t h i s  i n  1922, but in  h i s  mine 



sha f t  t h i s  movement ceased. For Calendula f lowers,  t o o ,  Stoppel [451 found 

t h a t  they continue t o  make movements when ra i sed  i n  cons tant  darkness. A l l  

i nves t iga to r s  a r e ,  however, i n  agreement about t h e  f a c t  t h a t  i n  constant l i g h t  

t h e  per iodic  movements soon cease,  except when i n  Phaseolus t h e  node is covered. 

Of course,  I a l s o  wanted t o  inves t iga te  t h e  behavior of Canavalia i n  t h i s  

respect .  However, I was not successful  i n  growing p l a n t s  i n  t h e  dark from seed. 

The young, yellow leaves remained extremely small and r i g i d l y  pressed t o  t h e  

stem so  t h a t  a recording was impossible. Therefore I made a change t o  l e t  them 

grow i n  constant  l i g h t .  Ifhenever l i g h t ,  temperature, and humidity were completely 

constant  i n  t h e  chamber, a number of seeds from Leiden w e r e  placed i n  a f lower 

pot  and between t h e  two 500-watt lamps. Recording s t a r t e d  a f t e r  s i x  weeks, 

when t h e  p l a n t s  had developed a1d become robust .  The leaves  were smaller  than 

those normally grown i n  a greenhouse. Average length  of l ea f  blades was 10 cm, 

a s  compared t o  t h e  length  of 15  cm of a normal l e a f .  The e n t i r e  p lant  was longer,  

s o f t e r  and l e s s  grown; thus ,  i t  showed a l l  t h e  marks of t o o  l i t t l e  l i g h t  during 

growth. Although I experimented with two lamps of 1000 candles each, a t  a 50 

cm d i s t ance ,  t h e  l i g h t  i n t e n s i t y  was apparently not s u f f i c i e n t  f o r  normal 

development of t h e  organism. However, f o r  nyct inas ty ,  t h i s  l i g h t i n g  was s a t i s -  

f a c t o r y ;  f o r  t h e  amplitudes of the  p l a n t s  from t h e  greenhouse maintained an 

even l a r g e r  movement when t h e r  were pe r iod ica l ly  i l luminated i n  t h e  dark chamber. 

A s  already mentioned, t h e r e  is no d i f fe rence  between summer and winter  

curves. Thus, absolute  l i g h t  i n t e n s i t y  is, a s  it seems, of no importance f o r  

t h e  s i z e  of t h e  movement's amplitude, For t h a t  matter ,  P fe f fe r  [321, i n  1915, 

s t i l l  used a somewhat l e s s  in tense  l i g h t .  On page 51 under Figure 14B, he 

mentions four  tantalum lamps, each with an i n t e n s i t y  of 25 candles! 

I n i t i a l l y ,  t h e  leaves  of  Canavalia grown i n  t h i s  manner appear t o  be 

pecu l i a r ly  cur led ,  but  a s  they ge t  o lder  they become smoother. To my amazement, 

I saw t h a t  t h e  leaves  were by no means motionless, but t h a t  they had a c l e a r l y  

expressed d a i l y  period. The night  peak f e l l  a g d n  a t  about 12 o 'c lock a t  n ight .  

The leaves  drooped deep i n  t h e  evening, but  during t h e  day they would not s tand 

e n t i r e l y  hor izonta l .  I n  Figure 21 ( s e e  page 67 [of fore ign t e x t ] ) ,  we f i n d  t h e  

curves which PI9 and P20 described i n  14 days under completely constant  condit ions.  

It is su rp r i s ing  t h a t  t h e r e  were very many i r r e g u l a r  movements. From 22 t o  

26 January, f o r  ins tance ,  t h e r e  i s  very l i t t l e  marking, whereas from t h e  26& 



on periodioity is c lear ly  evident. When we compare the  curves of these two 

plants,  we f ind more mutual differences than two such plants  should have shown 

under normal conditions i n  t he  greenhouse, but yet  t he  general agreement is  

s t r iking.  Nowhere do the  movements of leaves act  against each other. When 

one of them has a la rge  amplitude, w e  f ind  the  same i n  t he  other. Sometimes 

the  movements themselves a r e  so a l i ke  t h  dl-rawings almost cover each other,  

as  on 20, 27 and 28 January. 

I had raised and recorded d i f fe ren t  plants  i n  t h i s  manner, but I always 

obtained t h e  same resu l t s .  From 2 t o  9 February, I recorded on the  kymograph 

a plant  from Leiden seed and one from Surinam seed, raised i n  constant l igh t .  

The Figures 22 and 23 show t h e  curves obtained. Generally, there  is much 

agreement, but t he  W e s t  Indian plant P28 had much smaller swingings than the  

Leiden P21. Notwithstanding the  f a c t  t h a t  t h i s  plant originated from seed which 

grew under such en t i re ly  d i f fe ren t  climatological conditions than the  one from 

Leiden, t h e  leaves show about t he  same periodicity a s  those of t h e  Holland 

plant. This was a l so  found by Stoppel 1481 f o r  Phaseolus. In 1916 she had 

compared beans from Java and from America with those grown i n  Germany. She 

could not observe any difference. Her Figures 17 and 18 of page 633 a re  supposed 

t o  show a difference,  but a re  not indicative;  also,  too short (only 3 days). - /66 

The Surinam plants  developed much be t t e r ;  indeed they were longer than normal, 

but t h e  leaves were a f ind  dark green and not curled. The upper membrane was 

more shiny than i n  the  specimens ra ised i n  the  greenhouse. Generally, West 

Indian plan%s make a strong, healthy impression. The seed, f o r  instance, is 

almost twice as la rge  a s  the  European. Y e t ,  t h i s  only is natural ,  since the  

f i r s t  has grown under favorable natural  conditions; t he  l a t t e r ,  however, is 

always i n  a more o r  l e s s  abnormal greenhouse atmosphere. It comes t o  mind tha t  

the  West Indian plants ,  because of t h e i r  much stronger nature, should a l so  re- 

spond much sooner t o  a l l  kinds of external and internal influence, and thereby 

they should show many more swings. Td 

Figure 22: P28. Paised i n  constant l i g h t  from Surinam seed. 
Dark chamber. * 



Figure 21. P l9  ( s o l i d  l i n e ) .  P20 (dotted l i n e ) .  Raised i n  constant 
l i g h t .  D a r k  chamber. 

Figure 24 : P6. F i r s t ,  24-hour period df l i g h t .  and 24-hour period of 
I 

darkness; then, constant l i g h t .  D a r k  chamber. 



Figure 23: P21. Raised i n  constant l i g h t  from Leiden seed. 
Dark chamber. - 

"Autonomous o r  not ,"  t h a t  is the  great  problem f o r  which I seek a decisive 

proof. The remarkable f a c t  t h a t  p lants ,  which up t o  then had nothing t o  do 

with any known per iodici ty  i n  t h e i r  l i f e ,  still exhibited approximately normal 

da i ly  movements i n  constant l i g h t ,  is a point i n  favor of an a b i l i t y  of /68 
I 

movement established by heredity,  and thus autonomous i n  24-hour rhythm, That 

t he  movements i n  constant l i g h t  a r e  not so par t icu la r ly  regular,  has its cause 

i n  a second, l e t  me say temporarily "harmful, " action of constant l i g h t ,  t o  

which I sha l l  re turn l a t e r ,  and t h i s  seems t o  counteract t he  regular continuation 

of sleep movements. 

Against t h i s  argument f o r  autonomy speaks t he  f ac t  tha t  every time the  

two plants  described ch ie f ly  t h e  same curves on t h e  drum, even when t h e  two 

plantswereof t o t a l l y  d i f fe ren t  origin.  It seems a s  i f  t he  same outside stimulus 

which i n  i t s e l f  must a l so  be var iable ,  is the  d i r e c t  cause of t he  movements. 

The pos s ib i l i t y  ex i s t s ,  however, t h a t  a l l  known f ac to r s  are kept completely 

constant, so t h a t  we a r e  again forced t o  take S toppe l t s  hypothesis about t h e  

conductive a b i l i t y  of t he  a i r  in to  consideration. The sharp c r i t i c i sm of 

Schweidler C371 and Sperlich and Cremer El11 warns, nevertheless, t o  extreme 

caution. Therefore, I sha l l  ra ther  speak f o r  t he  time being of an unknown f ac to r  

which I sha l l  c a l l  X f o r  t h e  sake of convenience. We w i l l  deal  with t h e  

p o s s i b i l i t i e s  exis t ing f o r  X i n  t h e  l a s t  chapter. 

2. Introduction of a 24-~our Period of Light and a 24-~our  P-eriod of 
D a r k m e s s  

I then decided t o  f ind  out what influence another period would have 

upon these leaves. I did not have an opportunity t o  induce a short  period 

of 6 hours l i gh t  and 6 hours dark, f o r  instance. Therefore, I chose 24-hour 

l i g h t  and 24-hour darkness periods. Plants P6 and P8, ra ised under constant 

conditions i n  constant l i g h t ,  had almost normal movements. On 24 November, 



I switched off  t h e  lamps i n  t h e  afternoon about 2:3O; next day, they were again 

turned on a t  t h e  same hour, and so  f o r t h .  Figure 24 shows t h e  r e s u l t .  The 

following day the  leaf  drooped much lower during t h e  l i g h t  period,  with t h e  

r eve r sa l  point  s t i l l  f a l l i n g  about 12 o 'c lock,  t h a t  is, a t  midnight. On 

26 November t h e r e  i s  s t i l l  a r a t h e r  deep f a l l  of t h e  l e a f  i n  t h e  evening, in- 

d ica ted  by an a s t e r i s k  ( * )  i n  t h e  f igure .  But immediately t h e r e a f t e r ,  a very 

rapid  e rec t ion  fol lows,  s o  t h a t  still during t h e  same n igh t ,  around 2 o 'c lock,  /69 - 
t h e  l ea f  reached a p a r t i c u l a r l y  high pos i t ion .  A s  t h e  f i g u r e  shows, t h i s  per- 

s i s t e d  during t h e  darkness period. Two days l a t e r ,  a f t e r  a deep pos i t ion  was 

reached i n  t h e  l i g h t  again, we still f i n d  an indica t ion  of a n ight  peak about 

6 o ' c lock  i n  t h e  evening, indicated i n  t h e  f i g u r e  by two a s t e r i s k s  ( * * I .  Then 

t h e  movement continued e n t i r e l y  normally. After  48 hours a "night peak" occurred 

i n  t h e  l i g h t ,  and i n  t h e  darkness, when t h e  l ea f  stood i n  t h e  h ighes t  pos i t ion ,  

t h e r e  were many small swings. The course of t h e s e  curves was almost a l i k e  i n  

t h e  two p lan t s .  I was unable t o  determine t h e  cause of t h e  i r r e g u l a r  movement 

on 3 and 4 December. These curves show t h a t  t h e  new period is assumed immediately, 

without important t r a n s i t i o n a l  forms. This c e r t a i n l y  shows t h e  g rea t  influence 

which l i g h t  e x e r t s  on s l e e p  movements. The pecu l i a r  th ing  is, however, t h a t  

t h e  lowest pos i t ion  occurs i n  the  l i g h t  period,  and its rever sa l  point  is always 

around midnight. Thus, t h e  highest  pos i t ion  occurrs  i n  t h e  period of darkness. 

A s  was already mentioned a t  t h e  beginning, t h e  small swings occur now during 

t h e  period of darkness, when t h e  l ea f  i s  i n  its highest  pos i t ion ,  from which 

we can again conclude t h a t  they a r e  a r e s u l t  of it. From December on, t h e  

l i g h t  was kept on and t h a t  same night  t h e  l e a f  reached t h e  lowest pos i t ion ,  

ins tead  of remaining i n  a d iu rna l  pos i t ion .  The f i g u r e  shows t h a t  t h e  course 

of t h e  curve conkinues e n t i r e l y  normally. There is nowhere anything of a 24 

hour period t o  be noticed. The easy induction o f  t h e  new period should lead 

us  t o  conclude t h a t ,  a s  was s a i d  before,  a l t e r n a t i o n  of l i g h t  and darkness is 

t h e  immediate cause of movements, but when we then s e e  t h a t  normal curves immediately 

occur again i n  t h e  constant  l i g h t ,  we a r e  again inc l ined t o  be l i eve  i n  autonomy 

o r  i n  " e l e c t r i c i t y . "  I would l i k e  t o  i n t e r p r e t  t h e  phenomenon a s  follows. 

Factor X,  which causes development of per iodic  movements i n  constant  l i g h t ,  

is a l s o  present  during a r t i f i c i a l  i l lumination.  Thereby, with ( a r t i f i c i a l )  

a l t e r n a t i o n  of l i g h t  and darkness, we ge t  an image of movement i n  t h e  dark chamber 

which is p e r f e c t l y  iden t i ca l  t o  t h a t  of t h e  leaves i n  t h e  greenhouse. Iihen 



then we start t o  give 24 hours of l i g h t  and 24 hours of darkness, then conse- 

quently t h i s  might say: 24 hours X c e r t a i n l y ,  and 24 hours not. I f  t h e  l i g h t  - /70 

continues cons tant ly ,  then t h e r e  is only t h e  one f a c t o r ,  which I w i l l  c a l l  "natural  

f a c t o r t 1  X,  t h a t  immediately c a l l s  f o r  t h e  appearance of t h e  normal curve;  f o r  

t h e  X of t h e  l i g h t  st i l l  works, i t  is t r u e ,  but  now constantly.  It might a l s o  

be t h e  case  t h a t  f a c t o r  X, i n  addi t ion  t o  l i g h t ,  continues t o  c a r r y  on i ts  

influence.  In  o the r  words, t h e  l i g h t  and f a c t o r  X have a s i m i l a r  e f f e c t  on t h e  

l ea f .  I w i l l  r e t u r n  t o  t h i s  subjec t  on pages 82 and 95 [of fo re ign  t ex t ] .  

Because of t h e  already mentioned occurring harmful ac t ion  of constant  l i g h t ,  

perhaps a l s o  through X i t s e l f ,  t h e  movement becomes l e s s  r egu la r  i n  constant  

l i g h t .  However, I cannot a s  ye t  explain why t h e  lowest pos i t ion  of t h e  l e a f  

always occurs i n  t h e  l i g h t  period,  and t h e  r eve r se  point  a f t e r  about 12 hours. 

During a l l  t h i s  time t h e  p l a n t s  were e n t i r e l y  heal thy,  In  1907, Pfe f fe r  C291 

had a l s o  induced a 24 hour l i g h t  and 24 hour dark period i n  t h e  l e a f l e t s  of 

Albizzia lophanta, with good r e s u l t s .  However, he did not make t h i s  experiment 

with Phaseolus; he had introduced a period of  18 hours l i g h t  and darkness, 

and then found complete adjustment of t h e  l e a f  t o  t h i s  l i g h t  change. From h i s  

Figure 25A and B w e  can see  t h a t  t h e  lowest pos i t ion  of t h e  l e a f  occurred i n  

t h e  l i g h t  per iod ,  but t h e  h ighes t  pos i t ion  i n  t h e  18 hour darkness. During 

t h i s  time t h e  l e a f  c a r r i e d  out  numerous swings, j u s t  a s  I had found i n  Canavalia. 

He does not  mention a t  a l l  t h a t  t h e  highest  pos i t ion  occurs i n  t h e  period of 

darkness;  it seems he could f i n d  no explanation f o r  it. When he t h e r e a f t e r  

kept t h e  l eaves  i n  constant  l i g h t ,  t h e  l e a f  movements soon passed i n t o  a normal 

rhythm of 12  hours,  and f i n a l l y  stopped e n t i r e l y ,  a s  always i n  constant  l i g h t .  

Here a l s o ,  we have t h e  same r e s u l t  a s  i n  Canavalia, with t h e  only d i f fe rence  

t h a t  t h e  l a t t e r  does not cease  moving i n  t h e  l i g h t .  

3. Tes t s  with Stems 

Before continuing the  d iscuss ion of t e s t s  i n  t h e  dark chamber, I would 

l i k e  t o  r epor t  some remarkable r e s u l t s  which I had obtained i n  the  meantime 

i n  t h e  experimental greenhouse. It seemed t h a t  cu t  leaves continued t h e i r  

s l e e p  movements f o r  some time. I asked myself whether perhaps t h e  l e a f  blade /71 - 
could be eliminated so  t h a t  t h e  node would ca r ry  out t h e  movements e n t i r e l y  

alone,  e i t h e r  autonomously o r  a s  a r e s u l t  of one o r  another stimulus, For t h i s  

purpose, I removed a l l  t h e  l ea f  pulp and Pour r i b s  from t h e  c u t  leaves ,  so  



t h a t  sole ly  t he  node with t h e  midrib remained. The pu l l  thread was fastened 

t o  t h e  r i b  a t  t he  usual dis tance of 7.5 cm. This e n t i t y  ( l ea f  s t a lk ,  midrib 

and node) I w i l l  c a l l  "the stem," f o r  t h e  sake of brevity.  

I placed the  stem i n  t h e  manner of cut  leaves i n  bo t t l e s ,  and checked the  

movements. Indeed, t h e  movement continued, even though much weaker than i n  

normal plants ,  which is not surprising a f t e r  such maltreatment. It was possible 

t h a t  evaporation through t h e  midrib would play a ce r t a in  r o l e ,  although t h i s  

Figure 25: P65' ( so l i d  l ine) .  Stem. P65 (dotted l i n e ) .  Stem with 
para f f in  covering. Greenhouse experiment. 

d id  not seem probable, because a layer  of wound cork was supposed t o  form quickly. 

I smeared one stem with a layer  of paraffin having a low melting point ( 4 5 0 ~ 1 ,  

so t h a t  only t h e  node remained f ree ;  t he  other served a s  control;  i n  addit ion,  

t h e  leaf of a whole plant was a l so  present f o r  comparison. In Figure 25 we 

f i nd  t h e  curves of P65' without paraff in  and P65 with paraffin.  Definite 

di f ferences  cannot be observed; ce r ta in ly  one of them has somewhat l a rger  am- 

pl i tudes  than t h e  other ,  but a d i s t i nc t  agreement is 'apparent. A s  of 23 April,  

amplitude dropped suddenly i n  both, without, however, undergoing perceptible /72 - 
external  changes. The nodes looked completely green and healthy, and turgescence 

did  decrease. The fac t  t h a t  such stems still showed vigorous movement a f t e r  

f i v e  days is remarkable. Despite t he  tremendous wound s t imul i ,  t h e  node did  

not lose  i ts react ion capacity. Amplitude of movements was la rger  during t h e  

+;-st days than t h a t  of a cu t  leaf .  I sha l l  re turn t o  t h i s ,  and a l so  t o  its 

cause. Since the  lea f  blade is  no longer present,  t h e  small swings i n  the  

daylight have disappeared, which is again proof of t he  f a c t  t ha t  these were 

caused by the  blade's  weight, and because t he  tension of t h e  lower s ide  of 



the  node ca r r i e s  out small osc i l l a t ions  under t he  influence of internal  processes. 

The stems reach t h e i r  deepest posit ion about 6 o'clock i n  t he  morning, and then 

re turn t o  t he  diurnal posit ion much slower than normal leaves, so  tha t  the  

night peaks become much wider. 

From t h i s  f i gu re  we also see t h a t  the  t h i rd  and fourth  peaks have maximum 

values, followed by a rapid decrease. A n  explanation of t h i s  phenomenon, which 

we w i l l  encounter several more times, is probably t h a t  becaase of t he  violent 

wound stimulus a f t e r  cut t ing the  nodes a re  l e s s  active;  then, gradually, the  

complete react ion capacity re turns ,  but now the  withering process should make 

i t s e l f  f e l t  more and more, whereby t h e  amplitudes w i l l  soon decrease i n  size. 

It is therefore not desirable  t o  experhea t  with such stems longer than 5 t o  6 

days. 

I went still fur ther .  I cu t  t he  leaf  s t a l k  off stems t o  such an extent . 
t ha t  there  w a s  about 1 cm l e f t  f o r  fastening is the  glass  tube of t he  bot t le .  

Everything was a l so  cu t  off t he  midrib, so t h a t  only 1/2 cm was l e f t  a t  most. 

To t h i s  r i b  piece I fastened with paraff in  a t h i n  cap i l la ry  tube, 1 mm th ick 

and 9 cm long. The pul l  thread was fastened t o  t h i s  glass  rod a t  the  usual 

distance of 7.5 cm. Y e t ,  t he  movement did not cease, as  we see from Figure 26 

f o r  P75 and P81. During the  f i r s t  days, the  movement was qu i t e  considerable; 

then it decreased rapidly i n  s i ze ,  which should be expected a f t e r  i n f l i c t i ng  

such a wowd. 

Figure 26: P75 (dotted l i n e ) ,  l ea f  blade node + glass  rod; P81 (sol id  
l i n e )  , the  aame.   ree en house experiment. ) 

These t e s t s  showed t h a t  not only the  cut  l ea f ,  but a l so  the  stem and almost 

the  node by i t s e l f ,  was able t o  carry out periodic movements f o r  a few days. 

Therefore, it is the  node which perceives t he  stimulus, the periodically changing 



X, f o r  example, and, as  t he  r e su l t  of t h i s ,  experiences a change i n  turgor on 

the  lower s ide,  whereby t h e  leaf blade is moved upward o r  downward. The other  

l iv ing functions of t he  plant ,  such a s  respirat ion,  root  pressure, evaporation 

and assimilation,  obtain a s  a r e su l t  of a much smaller significance i n  nyctinasty, 

although it is cer ta in ly  probable t h a t  they could exercise some influence on it. 

The nodes have always a dark gregn color,  so t h a t  it i s n o t  impossible t h a t  

assimilation, which of course should continue i n  it, influences the  movement 

of stems. To investigate t h i s ,  I took two stems, P62 and P63 (from Surinam 

seed),  and put black cotton around the  node of t h e  l a t t e r  so t h a t  a l l  sources 

of l i gh t  w e r e  excluded and the  movement could continue. It was t o  be expected 

tha t  amplitudes would be reduced i n  s i z e  since there  existed some resis tance 

caused by the  cotton. The weather was particul-arly dark and thus l e s s  su i tab le  

t o  make a comparison on assimilation. I therefore made t h i s  t e s t  i n  t h e  dark 

chamber where temperature and humidity were constant, and the  plants  received 

l i gh t  from 8 o'clock i n  t h e  morning t o  8 o'clock in t he  evening, while they 

stood i n  darkness during the  other 12 hours. In Figure 27 we f ind the  obtained 

Figure 27: P63' (dotted l i ne )  stem; 
node covered with black 
cotton. P 63 ( so l id  l i ne )  
stein; non-covered node. 
Dark chamber. 

curves from which it seems tha t ,  it is t rue ,  P63 had a l e s s  la rge  amplitude; 

however, we had expected that .  Otherwise, t h i s  stem, i n  s p i t e  of t he  black 

cotton,  had an en t i re ly  d i s t i nc t  s leep movement f o r  almost 5 days. I repeated 

t h i s  t e s t  a few more times, and always obtained s i m i l a r  r e su l t s ;  from t h i s  we 

can conclude t h a t  assimilation has l i t t l e  or  no significance f o r  t he  develop- 

ment of movements. 

A s  can be seen from the  f igure ,  movements i n  the dark chamber were much 

more regular and a l so  greater  than i n  t h e  greenhouse. According t o  a l l  probabil i ty,  



t h i s  i s  due t o  t h e  g r e a t e r  humidity i n  t h e  dark  chamber; t h i s  is corroborated 

by t h e  fol lowing observat ion.  From a l o t  of young (about t h r e e  week o ld )  

p l a n t s ,  many had extremely weak l eaves  and s t a l k s .  

The l eaves  were magnificent i n  s i z e  and c o l o r ,  but  during t h e  daytime, 

when it became warm i n  t h e  greenhouse, t h e  l e a f  b lades  s t a r t e d  t o  droop, not  

because t h e  node caused i t ,  but by t h e  reduct ion  i n  t h e  t u r g o r  i n  t h e  b lade  pulp. 

The ground i n  which t h e  p l a n t s  were was q u i t e  wet ;  I t h e r e f o r e  ascr ibed  t h e  

limp condi t ion  t o  t h e  dryness  of atmosphere, assuming t h a t  more water evaporated 

from t h e  l e a f  blade than  was absorbed through t h e  r o o t s .  However, t h e  green- 

house was thoroughly sprayed tw ice  d a i l y .  I took a number of p l a n t s  wi th  me 

t o  t h e  da rk  chamber, where t h e r e  was j u s t  a normal pe r iod ic  i l luminat ion  f o r  

t h e  running t e s t s ,  The next  day t h e  p l a n t s  had a l r eady  almost recovered,  and 

on t h e  fol lowing day they  were recovered enough t h a t  I could use  them f o r  t e s t s .  

I d i d  t h i s  f r equen t ly  wi th  such f l a c c i d  p l an t s .  Accidental ly ,  however, I /75 - 
discovered t h a t  t l e  r o o t s  of such p l a n t s  looked brownish and s i ck .  I s e n t  

some of t h e  p l a n t s  t o  Prof .  D r .  Joh. Westerdi jk  i n  Baarn, who was kind enough 

t o  t e l l  me t h a t  t h i s  was a "foot d i sease"  caused by a Fusarium. It was explained 

t h a t  evaporat ion and water  acces s  were not i n  balance during t h e  day. Of course ,  

I no longer  used such p l a n t s .  

4. Reversal of t h e  Normal Period 

On page 68 w e  s a w  t h a t  it is easy t o  induce a 24 hour per iod  i n  t h e  leaves.  

It was t o  be expected t h a t  it would be  equal ly  easy t o  r e v e r s e  t h e  per iod ,  t o  

make darkness  during t h e  day and t o  g ive  l i g h t  a t  n igh t .  I n  1907, P f e f f e r  [29] 

had a l ready  r epor t ed  t h a t  t h i s  i s  not  d i f f i c u l t  wi th  Phaseolus. I made my 

t e s t s  wi th  a l a r g e  number of p l a n t s ,  a s  wel l  a s  with cu t  leaves .  I s h a l l  f i r s t  

t r e a t  t h e  l a t t e r  ones,  because I wish t o  d i s c u s s  another  problem a t  t h e  same 

t ime a s  t h e  d i scuss ion  of t h e  r e s u l t s  wi th  t h e  whole p l a n t s .  

I took  f o u r  d i f f e r e n t  p l a n t s ,  r a i s e d  from Surinam seed i n  t h e  greenhouse, 

and two grown i n  t h e  da rk  chamber a t  cons tan t  temperature,  humidity,  and cons tan t  

l i g h t  ( a l s o  from seeds  of West I n d i a ) .  Of each of t h e s e  f o u r  p l a n t s ,  I took 

a l e a f  and put it i n  t h e  usual  manner i n  a small  b o t t l e  on t h e  kymograph i n  

t h e  dark  chamber. On 2 March, about 4 o ' c lock  i n  t h e  a f te rnoon,  I made it dark ;  

about 8 o t c l o c k  i n  t h e  evening t h e  lamps were turned  on again.  The next morning 

a t  8 o f c l o c k  t h e  l i g h t  went out aga in ,  and s o  f o r t h .  In  Figure 28 we s e e  t h e  



curves of P42 (ra ised i n  constant l i g h t )  and P41 (from the  greenhouse). 

Although P42 came in to  darkness f o r  t he  f i r s t  time, it d id  not react  d i f fe ren t ly  

from the one from the  greenhouse. 

I again c a l l  a t t en t ion  t o  the f a c t  t h a t  the heavy time-line which now 

f a l l s  in  t h e  l i g h t  period is t h e  t r u e  night and t h e  t h in  l i n e  where t h e  date  

is  indicated is  the  t r u e  daylight time; here it f a l l s  r i gh t  i n  t h e  period of 

darkness. I t  seems t h a t  the  f i r s t  24 hours cause some disturbances i n  t he  move- /76 - 
ment. But by t he  3rd of March, about 8 o'clock i n  t he  morning, t he  reversal  

of t he  leaves had already s t a r t ed ,  s o  t h a t  24 hours l a t e r  t h e  movement was regu- 

l a r  and reversed. On 4 ,  5 and 7 March, a t  approximately 6 o'clock in  t h e  morning, 

P41 shows a f a in t  tendency t o  carry  out an ascending movement; however, t h i s  

could not be pushed through. In a l l  leaves, t he  point of reversal  was about 

12 o'clock noon and a f t e r  12 hours a t  n ight ;  we observed t h i s  repeatedly. 

Regardless, we see from these t e s t s  t h a t  cut  leaves reverse t h e i r  period 

immediately, when they a re  forced t o  t h i s  by another illumination. 

Figure 28: ~ 4 1  (so l id  l i n e )  ra i sed  i n  the  greenhouse. P42 cut leaves 
(dotted l i n e )  ra ised i n  constant l i gh t .  Dark chamber. 
Reversed period. 

We should now conduct t h e  same experiments with whole plants.  Preliminary 

t e s t s  had already shown tha t  &t was possible t o  rever t  the  period of a whole 

plant without any d i f f i c u l t y ,  but I now wanted t o  f ind  answers f o r  the  following 

quest ions : 

A) Is the  reverse period accepted more quickly when, i f t e r  a few days 

of normal l i gh t  and darkness, the  reversal  s t a r t s  with a )  t he  non-lighting 

of the  l i g h t  i n  t he  morning, o r ,  i f  t he  reversal  starts with b) non-extinguishing 

of lamps i n  t h e  evening? 

B) When the  reverse period becomes regular a f t e r  a few days, which period 

sha l l  t h e  movement rever t  t o  when t h e  plants  are subsequently kept a )  i n  constant 



darkness, o r  b) i n  constant l i gh t ?  

In each t e s t  it w a s  possible t o  answer one pa r t  of A and one pa r t  of B; 

two t e s t  s e r i e s  were therefore necessary, each f o r  a few weeks. For each t e s t  

se r ies ,  I took four  strong p lan ts  ra ised from Surinam seeds. After I invest i -  

gated these questions i n  Delft ,  Prof. Went was very will ing t o  permit t h e  

equipment of t h e  dark chamber of t he  Utrecht Botanical Laboratory t o  be arranged 

i n  exactly t h e  same manner a s  had been done i n  Delft.  The Utrecht Hortus has 

a number of Canavalia plants  from West Indian seeds, so i n  August I had t h e  

opportunity t o  corroborate t h e  obtained r e s u l t s  i n  Utrecht with plants  which 

grew up under other  conditions. 

Figure 29: P121 (raised i n  Utrecht). Normal period; reversed 
period; constant darkness. Whole plant.  Dark chamber 
( ~ t r e c h t  1. 

it is remarkable t h a t  the curves of a l l  t h e  plants a re  so s i m i l a r  t h a t  

I aan be s a t i s f i e d  with reproducing one of each se r ies .  I reemphasize, how- 

ever, t ha t  t h i s  is not a curve which accidentally supplied a desired r e s u l t ,  

but is one of many which a l l  gave the same r e su l t .  Thus Figure 29 shows the  

curve of P121 (Utrecht) ,  t ransferred from t h e  greenhouse t o  the  dark chamber 

on 17 August with 3 other plants.  The l i g h t  went out a t  8 o'clock i n  t h e  

evening; t h e  next morning a t  8 o'clock it was on again, and so for th .  This 

was thus  t h e  normal period. When t h e  amplitudes were very large and regular  



(20 ~ u ~ u s t ) ,  t h e  lamps were not turned on. This occurred a t  8 o tc lock  i n  t h e  

evening; t h e  periods were t h e r e a f t e r  reversed (Quest ion Aa). Often, i n  t h e  

normal curves of leaves we f i n d  a small droop about 6 o 'c lock i n  t h e  morning, 

when they a r e  almost i n  t h e  highest  pos i t ion .  This droop is  d i r e c t l y  followed, 

however, by a renewed ascent .  We see  t h e  same here a l s o ,  on t h e  n ight  of 19 

t o  20 August, indicated by an a s t e r i s k  (*I. A st imulus a r r i v e s ,  then,  with 

t h e  darkness a t  8 o 'c lock i n  t h e  morning, which d r i v e s  t h e  l ea f  t o  f u r t h e r  

drooping, so  t h a t  t h e  r eve r se  point  f a l l s  exact ly  a t  midnight. On 21 August 

t h e  l ea f  droops considerably a t  noon, but t h e  turning point  comes around 8 o 'c lock 

i n  t h e  evening, so t h a t  now a very high pos i t ion  is reached a t  midnight i n  t h e  

l igh ted  period. The reve r se  period then t akes  over ;  t h e  lowest p o s i t i ~ n  is 

always assumed around noon, while t h e  highest pos i t ion  is a t  8 o 'c lock i n  t h e  

evening. Although t h e  l i g h t  is considerably weaker than i n  t h e  greenhouses 

a t  t h i s  time of t h e  yea r ,  t h e  amplitude i s  espec ia l ly  la rge .  From 24 August 

on, darkness remains cons tant  ( ~ u e s t i o n  Ba), ins tead  of t h e  l i g h t ' s  being turned 

on around 8 o ' c lock  i n  t h e  evening. The lowest pos i t ion  on t h e  next day is 

the re fo re  reached somewhat l a t e r .  A day l a t e r  we s e e  t h a t  the  l ea f  s t a r t s  t o  

go upwards around 8 o 'clock i n  t h e  evening; i n  a normal period it is still drooping 

about t h i s  time ( s e e  * * ) .  From t h e  27B day on, t h e  o r i g i n a l  period is p r a c t i c a l l y  

back. 

Before discussing miscellaneous matters ,  I s h a l l  d iscuss  t h e  second p a r t  

of t h e  questions. We f i n d  a curve of t h i s  i n  Figure 30, of P l l l  (Utrecht ) .  

Normal i l luminat ion  was provided f o r  t h e  f i r s t  two days; then on 6 August, around 

8 o 'c lock i n  t h e  evening, t h e  l i g h t  was l e f t  on; it was put out a t  8 o ' c lock  

next morning, and so  f o r t h  (Quest ion Ab). We s e e  a r eac t ion  t h e  f i r s t  n ight  /79 - 
t h e  l i g h t  s t ays  on. The ascent is much slower, so  t h a t  next day t h e  h ighes t  

pos i t ion  is not reached u n t i l  3 o 'c lock  i n  t h e  afternoon ( a t  * ) .  (With normal 

i l luminat ion ,  t h i s  is reached a t  8 o fc lock  i n  t h e  morning; e.g., 5 and 6 ~ u ~ u s t . )  

I t  then swings around t h e  hor izonta l  and starts t o  droop around 12 o 'c lock a t  

night  (normally 3 o ' c lock  i n  t h e  af ternoon) ,  so t h a t  t h e  point of r eve r sa l  

now f a l l s  a t  6 otclock i n  t h e  morning ( a t  * * ) .  Further  movement i s  regu la r ly  

reversed:  around 8 o t c l o c k  i n  t h e  evening t h e  h ighes t ,  around 12 o 'c lock a t  

noon the  lowest pos i t ion ,  p rec i se ly  a s  i n  t h e  previous case.  

We could c e r t a i n l y  conclude with grea t  assurance t h a t  the  r eve r sa l  of 

t h e  period is accomplished equally quickly with i n i t i a l  l i g h t  o r  darkness, o r  



Figure 30: P l l l  ( r a i sed  i n  Utrecht).  Normal period; reversed period; 
constant  l i g h t .  Dark chamber ( ~ t r e c h t ) .  

even with constant  darkness f o r  t h e  f i r s t  24 hours. 

On 11 August, t h e  l i g h t  was lef t  on a t  8 o 'clock i n  t h e  morning, so  t h a t  

t h e  p l a n t s  got constant  l i g h t  ( ~ u e s t i o n  Bb). The l e a f  immediately r e a c t s  with 

a less deep drooping ( a l l  e ight  examined p l a n t s  d id  so) .  Next morning a t  8 

o 'clock t h e  l ea f  was still i n  a dayl ight  posi t ion.  For a good survey of t h i s  

s t r i k i n g  react ion,  we should compare the  following points :  

11 August, 8 o'clock A.M.(0) with 12 August, 8 o 'c lock A.M. (0 '1 ,  and 

11 August, 8 o'clock P.M.(P) with 12 August, 8 o 'clock P.M. ( P ' ) .  

The normal period thus  returned i n  24 hours; nothing remained of t h e  reversa l .  

The r e s u l t s  of t h i s  t e s t  s e r i e s  thus  become: 

1. Reversal wcether t h e  i n i t i a l  period is 24 hours l i g h t  

o r  darkness. 

2. The reversed movement is completely s imi la r  t o  t h e  normal movement. 

3. Despite the  comparative weakness of t h e  a r t i f i c i a l  l i g h t ,  t h e  amplitudes 

a r e  of t h e  l a r g e s t  s i z e ;  i n  t h e  evening t h e  l ea f  blade stood agains t  t h e  stem, 

and during t h e  day it is o f t e n  obliquely e rec t .  

4. If t h e  reversa l  is followed by constant darkness, t h e  normal period 

returned with equally l a r g e  amplitude a f t e r  3-4 days. 

5 .  If constant  l i g h t  fol lows t h e  reversa l ,  a f t e r  24 hours t h e  normal 



rhythm has  already r e tu rned ,  but with smal le r  amplitude. 

I emphasize aga in  t h a t  a l l  p l a n t s ,  both i n  De l f t  and i n  Utrecht , disp layed  

t h i s  behavior;  only i n  cons t an t  darkness  d i d  it l a s t  a l i t t l e  longer  be fo re  

t h e  normal per iod d i s t i n c t l y  re turned .  Yet t h e  curves  can never convey t h e  

impression which t h e  observer  g e t s  when he ,  accustomed t o  f i n d i n g  t h e  p l a n t s  

i n  deep s l e e p  p o s i t i o n  a t  8 o ' c l o c k  i n  t h e  morning i n  c a s e  of t h e  reversed  

per iod ,  s e e s  them on t h e  next  morning s tanding  n i c e l y  ho r i zon ta l  a f t e r  only 

one e x t r a  1 2  hour per iod  of  l i g h t .  When cons tan t  darkness  fo l lows ,  t h e  d i f f e r e n c e  

i s  more gradual .  The l eaves  then  s tand  obl ique ly  i n  t h e  morning, and t h e  con- 

t r a s t  is l e s s  s t r i k i n g .  

In  1905, Semon [39] Pound somewhat s i m i l a r  e f f e c t s  f o r  Acacia. When he 

exposed t h e  p l a n t s  t o  per iods  of 24 hour l i g h t  a rd  24 hour darkness ,  and the re -  

a f t e r  t o  cons tan t  l i g h t  o r  darkness ,  he saw t h a t  i n  both c a s e s  t h e  o r i g i n a l  

normal per iod  re turned .  

On t h e  o t h e r  hand, i n  1907 P f e f f e r  [29] induced i n  Phaseolus a reversed  

pe r iod ,  bu t  found t h a t  t h e r e a f t e r ,  i n  cons tan t  l i g h t  o r  darkness ,  t h e  movements 

continued i n  t h e  new tempo, not  i n  normal tempo, u n t i l  they  f i n a l l y  stopped. 

He says  on page 436: "If  we c r e a t e  darkness  during t h e  daytime and l i g h t  

during t h e  n i g h t ,  then  t h e  phases of af ter-swings a r e  a l s o  s h i f t e d  by 12  hours.  

Since t h e s e  a r e  now running oppos i te  t o  t h e  af ter-swings of normal s l e e p  /81 - 
movements, it is c l e a r  t h a t  t h e  af ter-swings a r e  condit ioned only by t h e  induced 

p e r i o d i c i t y  of movement, and t h a t ,  t h e r e f o r e ,  no o t h e r  kind of ex t e rna l  cond i t i ons  

a r e  p lay ing  a r o l e  which would be  repea ted  i n  an unchecked manner with t h e  

a1 t e rna t  i on  of t h e  day. I' 

I n  1911, P f e f f e r  [31] found t h a t  Phaseolus l eaves  i n  cons tan t  l i g h t  con- 

t i n u e  t h e i r  d a i l y  movements when t h e  nodes a r e  covered wi th  b lack  co t ton .  

He f i r s t  g ives  t h e  l eaves  a reversed  per iod ,  which they  accept  smoothly; he 

t h e r e a f t e r  b r ings  them i n t o  cons tan t  l i g h t  t o  demonstrate t h a t  no " l i g h t  

r i g i d i t y "  occurs.  When, however, we look a t  t h e  curves which he reproduced 

(F igure  1 6 A  and B, page 541, it seems t h a t  a f t e r  t h r e e  days t h e  l eaves  again 

move i n  t h e  normal manner. Thus they  do not  cont inue  t h e i r  reversed  movements, 

a s  P f e f f e r  repor ted  i n  1907, and fmm which I quoted above. It is odd, however, 

t h a t  P f e f f e r  does not  say anything about it. It seems improbable t h a t  he 

would not  f i n d  it s u r p r i s i n g  t h a t ,  f o r  i n s t ance ,  on 2 November t h e  l ea f  had 



t h e  lowest pos i t ion  a t  12 o lc lock  noon, whereas on 5 November it stood i n  its 

highest  pos i t ion  a t  t h e  same time of t h e  day. 

We can explain t h e  r eve r sa l  of normal movements i n  constant  l i g h t  o r  

darkness by assuming t h a t  t h e  p lant  still has an autonomic a b i l i t y  of movement, 

which, however, is s t rongly  influenced by t h e  a l t e r n a t i o n  of l i g h t  and darkness; 

i n  o ther  words, t h e  a i t i o n a s t i c  r eac t ion  is s t ronger  than t h e  autonomic reac t ion .  

Yet, i f  t h e  f i r s t  is not  present ,  t h e  second w i l l  appear, a s  i n  constant  l i g h t  

o r  darkness. However, we can equally well say t h a t  Factor  X ,  which, we a r e  

assuming f o r  the  present ,  i s  markedly rep resen ta t ive  i n  a r t i f i c i a l  l i g h t ,  causes 

t h e  r eve r sa l  of movements. I f  the  p l a n t s  then come i n t o  constant  l i g h t  o r  

darkness, t h e  "natural  X ,  which always a s s e r t s  i t s e l f  outs ide  by t h e  a l t e r n a t i o n  

of day and n igh t ,  again g e t s  t h e  upper hand, so  t h a t  t h e  movements again become 

normal. 

This phenomenon can a l s o  be explained with a t h i r d  p o s s i b i l i t y ,  t h a t  

t h e  l i g h t  has t h e  same e f f e c t  on t h e  movements a s  Factor X. After a l l ,  we /82 - 
reversed t h e  period with changed i l lumination.  I f  constant  l i g h t  o r  darkness 

fol lows,  t h e r e  is no pe r iod ica l ly  changing l i g h t  influence any more, and thus  

X can again a s s e r t  i t s e l f  i n  a normal manner, so t h a t  the  o r i g i n a l  period 

re turns .  

I t  cannot be explained, however, why t h i s  is back a f t e r  24 hours i n  constant  

l i g h t ,  but appears only very gradually i n  constant  darkness (see  a l s o  page 78 

[of fore ign t e x t ] ) .  That i n  constant l i g h t  t h e  amplitudes become smaller  is 

another ind ica t ion  t h a t ,  i n  one way o r  another, l i g h t  opposes movements, a s  

I have already mentioned. In  t h e  following t e s t s  we s h a l l  s e e  t h i s  phenomenon 

occur still more s t rong ly ;  I w i l l  t he re fo re  go i n t o  it l a t e r ,  and I w i l l  r e f e r  

t o  pe r t inen t  analogies from t h e  l i t e r a t u r e .  

5. Tes t s  i n  Constant Darkness 

I n  connection with t h e  t e s t  r e s u l t s  mentioned above, it seemed t o  be des i rab le  

t o  pursue t h e  behavior of p l a n t s  over a period of time i n  constant  darkness 

and i n  constant l i g h t .  I used both t h e  whole p lant  and cu t  leaves  and stems i n  

t h i s  inves t iga t ion .  Figure 31 shows t h e  curve which one of t h e  four  whole 

p l a n t s ,  P l l 7 ,  described during t e n  days. On t h e  f i r s t  days t h e  curve is some- 

what r e s t l e s s ,  but then it continues very regu la r ly  u n t i l  12 August, Then 

yellow spo t s  begin t o  develop, whereafter t h e  movement p r a c t i c a l l y  ceases.  On 



11 August I gave it one hour of l i g h t ,  which had almost no e f fec t  . The 

amplitudes were then the  largest .  On 13 August the  dying process had already 

progressed so f a r  t h a t  there  was no longer any reaction.  Since a l l  authors, 

including Stoppel, Pfeffer ,  Semon and others,  s t a t e  emphatically t h a t  green 

plants  show "darkness r i g id i t y "  a f t e r  only a couple of days, it is s t r ik ing  

t h a t  Canavalia p lan ts  continue t o  do well i n  t h e  darkness f o r  8 days, and 

have undiminished movement. The night peaks always f a l l  a t  about 12 o'clock 

and t h e  highest posit ion is around 8 o'clock i n  t h e  morning. There is thus  - /83 

nothing of what Pf e f f e r  c a l l s  " fading out" of t h e  movements. We can see t h i s  

c l ea r ly  i n  Figure 32 f o r  P116, cut  leaves which I used from 5 t o  15 August. 

During t h e  f i r s t  couple of days t h e  movement is somewhat i r r egu la r ,  but from 

8 August on, t he  curve is much more regular. The night peaks on 5 and 9 August 

- 

Figure 32: P116 (cut l e a f ) .  Constant darkness. Dark chamber. -- 
are  odd. I of ten observed t h i s  phenomenon i n  plants  and leaves i n  constant - /84 

darkness. I cannot give an explanation f o r  t h i s .  The smaller amplitudes during 



t h e  f i r s t  days should have t o  do with t h e  wound st imulus,  and above a l l  with 

t h e  tremendous disturbances i n  metabolism, s ince  now no ass imi la t ion  t akes  

place. On 11 August I again gave it one hour of l i g h t ,  whereupon a robust 

r eac t ion  i n  t h e  cut  leaves followed: t h e  amplitudes increased considerably 

i n  s i z e ,  and became l e s s  r e s t l e s s .  Now t h e  leaves again drooped deep, and 

t h e  small swings i n  t h e  night  pos i t ion  disappeared. Although t h e s e  leaves " 
had maximum movements, t h e  hour of l i g h t  on 13 August r e a l l y  had no e f f e c t ;  

but then,  it was intended f o r  whole p l a n t s ,  as we have already discussed. 

After  t h i s  s t a y  i n  t h e  d a r k n e s ~ ,  t h e  leaves  were s t i l l  completely green and 

turgescent ,  and thus  i n  con t ras t  with whole p l a n t s  which could not t o l e r a t e  

such a long s t a y  i n  t h e  darkness. Such cut  leaves remained green i n  darkness 

up t o  14 days. 

A s  we have already remarked, t h e  movements of cu t  leaves a r e  not grea t  

i n  a l t e r n a t i n g  l i g h t  and darkness. This one g rea t  c o n t r a s t  between l i g h t  a l t e r -  

na t ion  and constant  darkness is q u i t e  c l ea r .  We f i n d  a marked example of t h i s  

i n  the  following t e s t ,  during which a number of stems were kept i n  constant  

darkness. For t h i s  purpose, a s tu rdy  l ea f  was made up f o r  t h e  stem from 

four  d i f f e r e n t  p l a n t s ;  t h i s  was placed i n  t h e  dark chamber. To determine i f  

t h e  r eac t ion  capaci ty  was i n  f a c t  present ,  we gave both l i g h t  and darkness f o r  

t h e  f i r s t  24 hours;  t h e  next day t h e  l i g h t  was cut  out permanently. Figure 33 

shows t h e  remarkable r e s u l t :  t h e  amplitude increases d i r e c t l y  and continues,  

almost unweakened, f o r  s i x  days; t h e  movements a r e  much l a r g e r  and more regu la r  

than those  of a whole p lan t  o r  of a c u t  l e a f .  Nothing on t h i s  curve would 

ind ica te  t h a t  we a r e  using a stem, a node and a r i b .  For t h a t  mat ter ,  a l l  

four  of t h e  stems had t h i s  s o r t  of good movement. Canavalia i n  constant  darkness 

shows no t r a c e  of a "darkness r i g i d i t y , "  which was a t t r i b u t e d  t o  a l l  o ther  

poss ib le  p l a n t s  i n  t h e  l i t e r a t u r e .  According t o  P f e f f e r ,  green Phaseolus /85 - 
p l a n t s  a r e  motionless i n  2-3 days and d i e  soon afterwards. 

The g rea t  problem is still whether t h e  autonomy of movements is t h e  cause 

of t h e  unweakened cont inuat ions ,  o r  i f  it is t h e  often-mentioned Factor  X ,  which 

by its per iodic  changes br ings  about s l eep  movements when " a l l "  external  con- 

d i t i o n s  a r e  apparently kept constant .  I r e t u r n  t o  t h i s  i n  more d e t a i l  i n  t h e  

l a s t  chapter .  

In order  t o  l e a r n  something more about t h e  mysterious X,  I made t h e  following 



Figure 33 : P80 (stem) . Constant darkness. Dark chamber. 

arrangement. I have already noted tha t  I assumed tha t  l i gh t  strengthens the  

operation of X, o r  t ha t  X is i n  t h e  l i g h t ,  so t h a t  with illumination a t  night 

and darkness i n  t h e  daytime, t he  period can be conveniently reversed. 

In t h e  room adjoining the  dark chamber, I l e t  a 500-watt l i gh t  burn under 

a glass  bel l .  The glass  b e l l  was i n  a copper tank, closed off a i r t i gh t  by a 

rubber band. There were two openings i n  the  tank bottom. An aquarium pump 

pressed a i r  along the  burning lamp ( the glass  b e l l  was cooled by running water). 

and then through a small hole i n  t h e  wall t o  the  dark chamber (by rubber hose). 

Under two g lass  b e l l s  two cut leaves were s e t  up, each on a kymograph, which /86 - 
was also,  of course, under the  bel l .  The b e l l s  were standing a i r t i gh t  i n  copper 

tanks, which had two holes from below. Constant l i g h t  was present in  the  dark 

chamber. The a i r ,  which became "light"-exposed, streamed through a long g lass  
i tube in to  t h e  first b e l l ,  flew from above downwards along the  plant ,  l e f t  t h i s  

b e l l ,  and came subsequently in to  *he second, again from above downwards along 

the  plant ,  and then went outward; a f t e r  t h i s ,  it had t o  pass through a wash- 

b o t t l e  with water i n  it, so t h a t  I could conveniently check whether the  pump 

worked. 

The lamp under the  be l l  ( thus i n  t he  adjacent room) is now lighted a t  

night and not ' l igh ted  during t h e  day. I then reasoned t h i s  way: a t  night t he  

a i r  under the  b e l l  comes i n  contact with X; it streams along the plants,  and 

then with t he  aid of X it can reverse the movement of %he leaves. I was keeping 

i n  mind the  communication of Stoppel [491 i n  1919 which said ,  on page 15: "The 

l i g h t ' s  action on ion content is exactly opposite its action on conductivity. 



. During t h e  dark period t he  absolute values of ionization a re  much higher and 

the  va r i a t i ons ' a r e  essen t ia l ly  higher i n  number than during l ight."  

I made t h i s  t e s t  l a s t  a week long, however, and was only able t o  es tab l i sh  

an indication of a reversal  of the  period. Circumstances prevented fur ther  

work on it, so  I consider t h i s  t e s t  t o  be very cursory. 

6. Tests i n  Constant Light 

I have a l so  pursued t h e  behavior of planks, cu t  Leaves and stems i n  conshant 

l igh t .  I sha l l  s t a r t  with t h e  l a s t .  Again, leaves from 4 di f fe ren t  p lan ts  

were made in to  stems, were checked f o r  24 hours i n  t h e  dark chamber t o  see i f  

they reacted normally, and when t h i s  seemed t o  be t h e  case, were kept i n  constant 

l igh t .  Figure 34 shows the  curve of P73. After cessation of periodic illumination, 

t he  amplitude increased i n  completk darkness; we see  here, however, t h a t  i n  /87 
C 

t h e  l i g h t  t h e  movement decreased considerably. On 28 April t h e  t i p s  of stems 

s ta r ted  t o  cu r l ;  t h e  recording was therefore  no longer pure and the  t e s t  was 

finished. Again, howevea, movement is not a t  a l l  bad f o r  such strongly m i s -  

t r ea ted  plant  parts .  

- 

Figure 34 : P73 (spem) . Constant l igh t .  Dark chamber. 

The curves given by each of t h e  cut  leaves present a great  contrast  (Fig- 

ure  35). An accident prevented t h e  movements from being recorded on t h e  f i r s t  

two days; t h e  kympgraphs were only useable again a f t e r  19 August. The leaves 

seem t o  have only a l i t t l e  movement, so " l ight  r i g i d i t y "  should occur, with 



t h e  small swings which were seen and regulated i n  case of Phaseolus. From t h e  

20% on, however, i .e. ,  a f t e r  t h e  leaves stood i n  l i g h t  f o r  3 days, d i s t i n c t  

d a i l y  movements began t o  occur again. They had a small amplitude, I s h a l l  

have information on t h e  dark period a f t e r  t h e  2 4 ~  only when we a l s o  l e a r n  about 

t h e  behavior of whole p lants .  That the  leaves had almost no movement i n  t h e  

f i r s t  couple of days, and t h e r e a f t e r  only a very weak movement, does not  s u r p r i s e  

us;  f o r  t h e r e  a r e  two f a c t o r s  present  which tend t o  r e t a r d  movement. I n  t h e  

f i r s t  p l ace ,  t h e  o f t en  mentioned "harmful" e f f e c t  of l i g h t  is  p resen t ;  and 

secondly, t h e  metabolism i n  t h e  leaves w i l l  be more g rea t ly  a l t e r e d  by constant  

l i g h t  than by constant  darkness, s ince  t h e  ass imi la t ion  continues i n  l i g h t ,  /88 - 
and thus  w e  can suppose t h a t  the  substances formed thereby should have some 

influence upon t h e  turgor  of nodes and should a l s o  d i s t u r b  t h e  movements. 

F ina l ly ,  Figure 36 dep ic t s  t h e  curve which P125, one of t h e  four  whole p l a n t s ,  

described from 17 t o  24 August i n  constant  l i g h t .  No recording could be  made 

from 17 t o  19 August, It i s  immediately s t r i k i n g  t h a t  t h e  amplitudes a r e  

l a r g e ,  very r e s t l e s s  and i r r egu la r .  This i s  extremely remarkable and a 

phenomenon which I noticed i n  a number of  p l a n t s  i n  constant  l i g h t  a few months 

e a r l i e r ,  but considered accidenta l ;  now, however, it occurred again. The f i g u r e  

ind ica tes  t h a t  t h e  leaves had t h e i r  highest  pos i t ion  on 20 August toward 6 o t c l o c k  

i n  t h e  afternoon,  whereas normally they have already almost drooped by t h i s  

time, We s e e  t h i s  phenomenon during t h e  next days. On 23 and 24 August t h e  

leaves were still i n  t h e i r  lowest pos i t ion  a t  noon; t h e  n ight  peaks made too  

many r e s t l e s s  movements, also.  I kept p l a n t s  i n  constant l i g h t  f o r  d i f f e r e n t  

lengths  of time; t h e  movement then ran  i n  such confusion t h a t  a f t e r  a few days 

t h e  leaves  had a completely reversed period which nevertheless l i f t e d  them up. 

After some time they again became confused and passed i n t o  normal movement. 

Even without paying spec ia l  a t t e n t i o n  t o  t h e  curves,  it is s t r i k i n g  t o  someone 

who is accustomed t o  d a i l y  checking on t h e  pos i t ion  of leaves t h a t  t h i s  is 

extremely uneven, even when one compares a number of simultaneously used leaves 

with each other .  The same f a c t o r s  which we found a t  c u t  leaves ,  harmful ac t ion  

and d is turbed metabolism, a r e  almost c e r t a i n l y  a l s o  t h e  cause here. 

From one of t h e  preceding t e s t s  it seemed f o r  t h e  present  t h a t  t h e  illumina- 

t i o n  of a i r ,  before it goes over t h e  p l a n t s ,  does not  give a p o s s i b i l i t y  t o  

r eve r t  t h e  period. Thus, it seemed t o  me not impossible t h a t  it should be t h e  

rays  of l i g h t ,  o r  Factor X ,  which were necessary f o r  t h e  development of movements. 



To invest igate  t h i s ,  I d id  t he  following. One of t h e  lamps i n  t h e  dark chamber 

was wrapped up with a t h i ck  black photography canvas (c loth)  i n  such a way tha t  

when the  lamp burned, absolutely no l i g h t  went through; t h e  l i gh t  exclusion 

was perfect .  The other  lamp was not l ighted,  so  it was t o t a l l y  dark i n  t he  - /89 

room. The lamp i n  t h e  canvas (c loth)  was switched on a t  night and extinguished 

Figure 35: P124. Cut l e a f ;  constant l i g h t ;  thereaf te r  constant darkness 
and "illumination" with a lamp wrapped i n  a black c lo th ,  i n  
a reversed period (indicated by a l i n e  over on t he  f igure)  . 
Dark chamber. 

Figure 36: P125. Whole plant ; constant l i gh t  ; thereaf te r  constant 
darkness and " i l l ~ m i n a t i o n ~ ~  with a lamp wrapped i n  a black 
c lo th ,  i n  a reverse period (indicated by a l i n e  over on t h e  
f igure) .  Dark chamber. 

during t he  day; thus,  t h e  periods were reversed. The cut  leaves and whole 

p lan ts  which stood i n  constant l i g h t  from 17 t o  24 August thus came in to  t he  

darkness now, but with an "irradiation" i n  a reverse period. I expected t ha t  

t he  p lan ts  t h a t  were turned toward t he  lamp i n  black c lo th  would show some 

d i f fe ren t  sor t  of behavior from the  plants  which were turned toward t h e  lamp 

t h a t  always remained unlighted. But a s  we can see  i n  Figures 35 and 36, t h i s  



is absolute ly  not the  case. On t h e  cont rary ,  t h e  movements of cut  leaves and 

of t h e  leaves  of whole p l a n t s  a r e  much more regular  ( t h e  12 hour " i r r ad ia t ion"  

is always indicated by a  black l i n e  above on t h e  f i g u r e ) .  The amplitudes 

become l a r g e r ,  t h e  n ight  peaks again come exactly a t  12 o 'c lock a t  n igh t ,  and 

t h e  h ighes t  pos i t ion  i s  reached before noon. The pecu l i a r  small swings i n  t h e  

n ight  pos i t ion  disappeared; now t h e  leaves droop deeper again. We thus  must 

conclude t h a t  t h e  cause of s l eep  movements present  i n  t h e  l i g h t  cannot be 

suppressed by a  photography c lo th .  Moreover, these  t e s t s  c l e a r l y  reveal  t h a t  

constant  darkness he lps  r egu la r  movement, even when t h e  rhythm is put i n t o  con- 

fus ion by constant  l i g h t  . 
In  t h e  l i t e r a t u r e  we f i n d  many indica t ions  t h a t  o ther  inves t iga to r s  a l s o  

recognized t h e  pecu l i a r  influence of constant  l i g h t .  

In 1907, P f e f f e r  [291 says ,  on page 469: "Otherwise, our research  brought 

f u r t h e r  examples t h a t  darkening does not produce t h e  reverse  physiological  e f fec t  

of i l lumination."  

Moreover, he remarks (page 301):  "In tantalum l i g h t ,  t h e  p l a n t s  i n  d a i l y  

per iodic  l i g h t  change b e t t e r  than i n  continuous i l lumination.  A s i m i l a r  r e l a t ion-  

sh ip ,  a t  l e a s t  f o r  some p l a n t s ,  seems t o  be  demonstrated from t h e  experiments 

of Bonnier i n  arc  l igh t . "  

And Semon [411 i n  1908 mentions on page 239: "My tender seedl ings  evidently 

t o l e r a t e d  a  continuous i l luminat ion  much worse than an a l t e r n a t i o n  of il lumina- 

t ion and darkening. I f  

In  1915, P fe f fe r  [321 found t h a t  l ea f  movements f o r  Phaseolus continue /91 - 
normally even i n  constant  l i g h t ,  when a t  l e a s t  t h e  nodes were wwapped i n  black 

cotton.  He emphasized t h a t  t h e  movements i n  constant  l i g h t  were p r a c t i c a l l y  

s i m i l a r  t o  the  amplitudes of leaves  a t  per iodic  i l lumination,  not t o  mention 

small deviat ions.  

But when we s e e  h i s  curves,  we see  t h e  s i t u a t i o n  t o  be somewhat d i f f e r e n t .  

Under normal condi t ions ,  t h e  n ight  pos i t ion  i n  Phaseolus f a l l s  a t  about 12 o 'c lock 

a t  n igh t ,  and t h e  highest  pos i t ion  is between 6 and 12 o 'c lock i n  t h e  forenoon. 

On page 50, he gives t h e  curve which such a  l e a f ,  with a  wrapped up node, described 

i n  constant  l i g h t  during s i x  days, After t h r e e  days t h e  period apparently r e -  

turned,  f o r  now t h e  highest  pos i t ion  f a l l s  about 12 o 'c lock a t  n igh t ,  t h e  



lowest a t  noon. P f e f f e r  does not make spec ia l  mention of i t ,  but I cannot imagine 

t h a t  it should not have surprised him, He does say t h a t  between two leaves  

of t h e  same plant  t h e r e  could be great  d i f f e rences ,  when t h e  movements of t h e  

two a r e  recorded, During 14 days he followed up t h e  time which occurs between 

two night  peaks, and f i n d s  t h a t  t h i s  v a r i e s  between 18 and 26 hours. In every 

case  he shows it a s  a matter of secondary importance; f o r  t h e  chief  quest ion 

is t h a t  t h e  l ea f  makes movements i n  cons tant  l i g h t ,  which "keep approximately 

a day ' s  per iodic  rhythm, from which we have t h e  impression t h a t  t h i s  comes out 

more of t e n  somewhat shor te r  than 24 hours. " 

I consider  t h i s  matter somewhat d i f f e r e n t l y .  In  constant darkness t h e  

movements of t h e  leaves  of a whole p l a n t ,  of c u t  leaves ,  and of stems, continue 

with very g rea t  r e g u l a r i t y ;  i n  constant  l i g h t  they become weaker and r e v e r t  

e n t i r e l y .  From t h i s  it fol lows t h a t  l i g h t  a c t s  g rea t ly  a s  an i n h i b i t i o n  upon 

t h e  normal course of s l eep  movements, whether they a r i s e  by some Factor  X o r  

ent i r e l y  autonomously. 



CHAPTER 111 

Theoret ical  Considerations 

We should now attempt t o  s e t  up a working hypothesis  which avoids contra-  /92 - 
dieting t h e  f a c t s  i n  t h e  l i t e r a t u r e  and which incorporates t h e  f indings  which 

I obCained i n  my t e s t s .  

When we again quest ion whether s l eep  movements a r e  autonomous with 

l i g h t  act ing i n  a regula tory  manner, o r  a r e  caused by an outs ide  st imulus,  

we cannot deny t h a t  t h e r e  a r e  f indings  ava i l ab le  f o r  both p o s s i b i l i t i e s .  

It seemed i n  sec t ion  3 t h a t  t h e  lamina (blade) is of no d i r e c t  importance 

i n  the  development of movements; f o r  when only t h e  midrib remains, s trong move- 

ments a r e  c a r r i e d  out  f o r  s i x  days longer. Also when t h e  blade was wrapped i n  

paper, no s t a n d s t i l l  occurred (page 48 [of fore ign t e x t ] ) .  

Assuming t h e  second p o s s i b i l i t y ,  t h e  node is both a perceptive and a 

r e a c t i v e  organ. It is improbable t h a t  t h e  l ea f  s t a l k  o r  dr ied  up midrib should 

perceive the  stimulus. For t h i s  mat ter ,  when we almost c u t  away these  two 

(page 72 [of fo re ign  t e x t ] ) ,  t h e  movements still continue. 

We must the re fo re  consider  t h e  node t o  be t h e  mechanism which, independently 

from t h e  o ther  p a r t s  of t h e  p lan t ,  t akes  c a r e  of t h e  development of s l eep  

movements, e i t h e r  autonomously o r  ai t iogenously.  The expression "independently" 

does not imply t h a t  t h e r e  is no connection between nyct inas ty  and o the r  v i t a l  

processes i n  t h e  p l a n t ,  but r a the r  than t h e  influence is ind i rec t .  The s t r u c t u r e  

of t h e  node is such t h a t  under c e r t a i n  condi t ions  it is ab le  t o  take  up water 

i n  t h e  c e l l s ,  o r  t o  r e l e a s e  it, whereby a s t r e t ch ing  o r  curving occurs which 

br ings  t h e  leaf  i n t o  daytime o r  nighttime pos i t ion .  Since t h e  node is such 

a s p e c i f i c a l l y  b u i l t  organ, we a re  inc l ined t o  consider t h e  a b i l i t y  of movement /93 - 
i n  a d a i l y  rhythm t o  be inher i t ed  a lso .  According t o  p lan t  species  o r  p lant  

organ where t h e  node is located ,  it w i l l  now move t h e  leaves  i n  t h e  evening 

upwards, then again downwards; o r  even t h e  leaf  s t a l k  o r  t h e  l e a f l e t s  go upwards, 

and f o l d  up agains t  each o ther .  

* 



There a r e  d i f f e r e n t  phenomena which show p e r i o d i c i t y  whose cause we do not 

know. 

Thus, i n  1915, Karsten could demonstrate [22] t h a t  nuclear  d iv i s ions  i n  

above-ground p lan t  p a r t s  had a d a i l y  per iodic i ty .  Around 4 o 'c lock i n  t h e  

morning was t h e  peak number. S t a l f e l t  [421 confirmed t h i s  i n  1919. 

In 1918, Lars-Gunnar Rome11 C341 es tabl i shed,  i n  agreement with Baranetzki 

[I],  t h a t  roo t  pressure  has a d a i l y  period i n  many p l a n t s ,  even when p l a n t s  

a r e  r a i sed  under e n t i r e l y  constant  conditions. 

I n  1925, a communication of Suessenguth [521 concerns t h e  s t rongly  pe r iod ic  

blooming period of a number of bamboo types. Phyllostachys puberula i n  Japan 

blooms once every 60 years. A l l  specimens then bloom simultaneously. I t  i s  

pecu l i a r  t h a t  t h e  d i f f e r e n t  blooming periods coincide  with t h e  periods of peak 

sunspots. 

Somewhat s i m i l a r  f i nd ings  were obtained i n  1915 by Went C541 and Rutgers 

f o r  the  blooming time of an orchid,  Dendrobium crumenatum. The authors bel ieved 

t h a t  t h i s  must be ascribed t o  atmospheric temperature and humidity. For t h e  

present ,  according t o  a l e t t e r  received from India ,  t h e  cooling off  caused 

by heavy r a i n s  must be  considered a s  a d i r e c t  cause. 

It was a l s o  successful  t o  bring p l a n t s  t o  boooming by a r t i f i c i a l  cooling 

o f f .  

It is then unexplainable, however, t h a t  a blooming period i n  Utrecht 

coincided with t h a t  i n  Bonn and Hamburg. 

I gave here  a few obvious examples of p e r i o d i c i t y ;  many more could be 

l i s t e d .  

The f a c t  t h a t  i n  constant  l i g h t  and constant  darkness t h e  movements con- 

t i n u e  with t h e  same rhythm is another point  i n  favor of an autonomous a b i l i t y  

of movement i n  t h e  nodes. Even when p l a n t s  were r a i sed  e n t i r e l y  i n  t h e  l i g h t ,  

they have a c l e a r l y  expressed movement tempo. 

The l i g h t  quant i ty  is evident ly  not of grea t  importance; Semon [401 used 

a 10-candle lamp, P fe f fe r  C291 used a 40-candle t o  200-candle lamp (1907, page 

7 4 ) ,  and I has two lamps of 1000 candles. For t h a t  mat ter ,  t h e  f a c t  t h a t  t h e  

summer and winter curves showed no d i f fe rences  a l so  po in t s  i n  t h i s  d i rec t ion .  



Moreover, we have seen t h a t  when, a f t e r  a period of 24 hours of l i g h t  and 

24 hours of darkness, t h e  p lan t s  come i n t o  constant l i g h t ,  normal s l eep  move- 

ments a r e  c a r r i e d  out very soon (page 69 [of fore ign t e x t l ) .  The same is 

t r u e  when, a f t e r  t h e  period is reversed,  we bring t h e  p l a n t s  i n  constant  l i g h t  

o r  darkness; t h e  usual rhythm a l s o  r e t u r n s  d i r e c t l y  then (pages 78 and 80 [of 

fore ign t e x t l ) .  

We can conclude from these  t e s t s  t h a t  t h e  cause of nyct inas ty  is t o  be 

sought i n  an external  stimulus. It  was always easy t o  induce a rhythm of 

24 hours; by an i l luminat ion  a t  night  and darkness i n  daytime, t h e  period of 

l ea f  movements is reversed i n  24 hours. Thus, t h e  nodes a r e  indeed very 

s e n s i t i v e  to .changes  caused by modified i l lumination.  Because such s m a l l  

l i g h t  i n t e n s i t i e s  a s  used by Semon and P f e f f e r  reversed t h e  e n t i r e  rhythm of 

movement of a l l  s o r t s  of p lan t s ,  we a r e  inc l ined t o  search f o r  q u i t e  a weak 

stimulus f o r  t h e  normal d a i l y  movements of leaves. 

Nyctinasty is not a d i r e c t  consequence of t h e  a l t e r n a t i o n  of day and 

n igh t ;  f o r  i n  constant  l i g h t  and constant  darkness unweakened movements a r e  

s t i l l  c a r r i e d  out  by Canavalia leaves ;  Stoppel ,  P f e f f e r  and Cremer found t h e  

same f o r  Phaseolus. Only t h e r e ,  i n  constant  l i g h t ,  t h e  nodes must have been 

wrapped i n  black co t ton ,  and t h e  Phaseolus p lan t s  must have been r a i s e d  i n  

darkness from seed on; thus  they had t o  be e t i o l a t e d ;  otherwise " l ight  o r  

darkness r i g i d i t y "  w i l l  occur. We thus  come t o  t h e  conclusion t h a t  t h e  nodes 

of p lan t s  with per iodic  movements a r e  b u i l t  from a t i s s u e  which is extremely 

s e n s i t i v e  t o  t h e  d a i l y ,  per iodic  changes of a s t i l l  unknown f a c t o r ,  which we 

c a l l  X f o r  t h e  present .  By t h e  influence of t h i s  X ,  turgor  changes which 

r e s u l t  i n  a d e f i n i t e  movement s p e c i f i c  f o r  p lant  o r  organ develop i n  t h e  node. 

If  we had t o  count with t h e  very grea t  influence which l i g h t  has upon t h e  

rhythm of movement, then we should assume t h a t  t h e r e  a r e  t h r e e  p o s s i b i l i t i e s :  

A) Factor  X is strongly represented i n  t h e  a r t i f i c i a l  l i g h t  used s o  it 

can temporarily suppress t h e  normally changing X which causes t h e  d a i l y  s l eep  

movements . 
B) The inf luence  of l i g h t  upon l ea f  movements is t h e  same a s  t h a t  of 

Factor X ,  so  t h a t  both a r e  supposed t o  a c t  next t o  each other .  

C) The l i g h t  has such an influence upon t h e  node t h a t  i l luminat ion  makes 



its sens i t iveness  f o r  X increase  o r  decrease. 

I f  we assume t h e  f i r s t  p o s s i b i l i t y ,  then t h e  f a c t  t h a t  it is so easy t o  

modify t h e  rhythm of l ea f  movements by a change i n  i l lumination is easy t o  

understand. When t h e  l i g h t  is on a t  n igh t ,  Factor  X should influence t h e  node 

with g r e a t e r  i n t e n s i t y  than during daytime with "normal X , "  whereby t h e  l eaves  

should c a r r y  out r eve r se  movements. 

In constant  l i g h t  and constant  darkness, "normal XI1 should cause t h e  pro- 

c e s s  of s l e e p  movements; f o r  then X is present  i n  t h e  l i g h t ,  constant  o r  not.  

Hence, t h i s  does not explain why i n  the  f i r s t  case  t h e  movements were s o  much 

more regu la r  and why in  Phaseolus black cot ton  must be around t h e  nodes. Such 

black cot ton  and paper must thus  be no obs tac le  f o r  X, s ince  t h e  movements 

a r e  not d is turbed by it (pages 73 and 47 [of fo re ign  t e x t ] ) .  In  c o n t r a s t ,  it 

is impossible t o  r e v e r t  t h e  period by " l ight ing"  a t  night  with a lamp which 

is enveloped e n t i r e l y  i n  black c l o t h  (page 88 [of fore ign t e x t ] ) ;  t hus ,  X 

apparently does not  go through. A s  t o  t h e  second case  of ( B ) ,  when we assume 

t h a t  X and t h e  l i g h t  exerc ise  t h e  same influence upon t h e  nodes next t o  each - 
o the r ,  then  we must a l s o  assume t h a t  each of them should be then able  t o  

produce a maximum r e s u l t  (condensation) of t h e  leaves.  

I n  constant  l i g h t  o r  constant  darkness the  movements continue without 

weakening. The cause of t h i s  must be X. 

But a s  we i l luminate  a t  n igh t  and keep darkness during t h e  day, t h e  l ea f  

movements r eve r t  completely, while t h e i r  amplitude remains equally l a rge .  This 

r eve r sa l  was brought about by l i g h t .  When X and t h e  l i g h t  exerc ise  an approxi- 

mately equally s t rong inf luence ,  with t h e  r eve r sa l  of movements t h e  amplitude 

should become smal ler ,  because t h e  two f a c t o r s  together  oppose each o ther .  

The p o s s i b i l i t y  which then remains is t h a t  a r t i f i c i a l  l i g h t  (even though 

it is very weak, a s  i n  t h e  case  of Semon) has a much s t ronger  influence than 

X. This seems t o  be r a t h e r  unlikely.  

When we now consider  t h e  t h i r d  ( C )  p o s s i b i l i t y ,  then the  d i f fe rences  are 

of such a na ture  t h a t  we must assume t h a t  l i g h t  considerably e l eva tes  t h e  

sens i t iveness  of nodes f o r  t h e  inf luence  of X. 

We cannot a s  ye t  specula te  about what X is. 



When l i g h t i n g  is reversed,  nodes a r e  most s e n s i t i v e  a t  n igh t ,  and l e a s t  

s e n s i t i v e  i n  t h e  daytime; again t h e  easy reve r sa l  of t h e  rhythm is explained. 

I f  t h e  leaves t h e r e a f t e r  come i n t o  constant  darkness (page 78 [of fore ign t e x t ] ) ,  

then t h e  sens i t iveness  of nodes should indeed not be so very l a rge ,  bu t ,  s ince  

t h e  "normal XIt makes i t s e l f  f e l t  na tu ra l ly  i n  constant  darkness a l s o ,  t h e  s l eep  

movements should be regu la r ly  c a r r i e d  on, but with small swings. I f ,  on t h e  

o ther  hand, a f t e r  t h e  r eve r sa l  of a  period t h e  leaves come i n  constant l i g h t ,  

then t h e  sens i t iveness  of  nodes should increase  g r e a t l y ,  so  t h a t  "normal X" 

can immediately express i t s e l f  with f u l l  i n t e n s i t y ,  whereby within 24 hours 

t h e  normal movements r e t u r n  (page 80 [of fore ign t e x t l ) .  We have seen a s imi la r  

r e s u l t  a f t e r  a  24 hour period was introduced. Then, a l so ,  i n  constant  l i g h t  

t h e  normal period returned (page 69 [of fore ign t e x t ] ) .  Pf e f f e r  C291 found 

i n  1907 i n  Phaseolus t h a t  a f t e r  a  period of 18:18 of 6:6, t h e  "night swings" 

went over i n t o  a rhythm of 12:12. 

We could asc r ibe  t h e  i r r e g u l a r i t y  of movements i n  constant  l i g h t  t o  an 

oversens i t ive ,  almost pathological  condit ion of t h e  nodes a s  a  r e s u l t  of t h e  /97 - 
p e r s i s t e n t  l i g h t ,  whereby a normal reac t ing  a b i l i t y  is disturbed.  Movements 

then become r e s t l e s s  and confused, while i n  Phaseolus, Minosa, Acacia, e t  a l . ,  -- 
it is followed by " l igh t  r ig id i ty . I t  I f  t h i s  overstimulated condit ion of t h e  

nodes is not soon in ter rupted ,  t h e  normal r eac t ion  ' a b i l i t y  re turns .  I n  my t e s t s ,  

f o r  ins tance ,  on page 90 [of fo re ign  t e x t l ,  Figures 35 and 36 c l e a r l y  reveal  

t h i s  when t h e  leaves come i n  darkness during t h e  l a s t  days. P fe f fe r  c a l l s  

a t t e n t i o n  repeatedly,  i n  1905 and 1915, t o  t h e  f a c t  t h a t ,  although t h e  s l e e p  

movements s top  e n t i r e l y  i n  constant  l i g h t ,  t h e  leaves sti l l  remain p e r f e c t l y  

"able t o  a e t  ." 
I f  t h e  nodes i n  t h e  leaves  i n  quest ion were surrounded with black cot ton ,  

then t h e  d a i l y  movements became much more normal ( ~ f e f f e r ,  1911 and 1915). 

Meanwhile, we have already discussed t h e  f a c t  t h a t  the  movements performed then 

still do not  agree with t h e  "normal curves,"  although P f e f f e r  says l i t t l e  about 

it. It seems t o  me t h a t  we must seek its cause i n  t h e  f a c t  t h a t  the  black 

co t tons  around t h e  nodes a r e  a  r a t h e r  conclusive p ro tec t ion  agains t  t h e  influence 

of constant  l i g h t ,  but not  e n t i r e l y ,  so t h a t  t h e  curves should s t i l l  have an 

i r r e g u l a r  course. Canavalia is a much stronger p l a n t ,  s o  t h a t  a l s o  t h e  nodes 

a r e  l e s s  s e n s i t i v e  f o r  t h e  presented harmful influence of long-last ing i l luminat ion  

than is t h e  case with Phaseolus, We can say approximately t h a t  t h e  non-covered 



nodes of Canavalia i n  constant  l i g h t  a r e  i n  t h e  same condit ion a s  Phaseolus 

nodes surrounded with b lack cotton.  The d i f fe rence  between t h e  d i f f e r e n t  p l a n t s  

is thus  gradual ,  a r e s u l t  of more o r  l e s s  s e n s i t i v e  nodes. 

I t  fol lows from t h i s  t h a t  r i g i d i t y  by continued l i g h t  ( " l i g h t  r i g i d i t y u )  

o r  by continued darkness ("darkness r i g i d i t y " )  i n  t h e  Phaseolus, and o t h e r s ,  

a r e  mutually d i f f e r e n t  i n  value. "Light r i g i d i t y "  is always a r e s u l t  of 

over sens i t iv iness ,  and abnormal condit ion of t h e  node t i s s u e ,  caused by too  

l a r g e  and too  continuous a l i g h t  stimulus. On t h e  cont rary ,  "darkness r i g i d i t y "  

is a necrobiot ic  process brought about by t h e  powerful metabolic d i so rde r s  of 

t h e  l e a f  and t h e  whole p l a n t ;  when i n  constant  darkness t h e  a s s imi la t ion  stops.  

Most p l a n t s  cannot do anything against  i t ,  whereby dying starts r a t h e r  quickly. /98 - 
This has thus  nothing t o  do with a spec ia l  condit ion of t h e  node. 

The very s tu rdy  Canavalia can t o l e r a t e  darkness very well (see page 84 

[of fo re ign  t e x t ] ) ,  but  most p l a n t s ,  which then a l s o  seem t o  be weaker i n  o the r  

r e spec t s ,  a r e  thereby ruined. This is corroborated by t h e  f a c t  t h a t  Stoppel 

[47] i n  1912, and l a t e r  Cremer [ll] i n  1923, could r a i s e  Phaseolus p l a n t s  i n  

complete darkness, provided t h a t  t h e  p l a n t s  were well f e r t i l i z e d .  Such 

e t i o l a t e d  p l a n t s  do not languish i n  constant  darkness, and thereby they continue 

t o  perform normal s l eep  movements. 

I n  t h i s  connection, it is a l s o  pecu l i a r  t h a t  Canavalia remains green f o r  

14 days i n  t h e  dark. A s  soon a s  t h e  l ea f  starts t o  ge t  a few yellow spo t s ,  how- 

ever,  t h e  amplitude of t h e  movements drops considerably. Sometimes t h e  spo t s  

occur only 24 hours a f t e r  t h e  beginning of darkness; mobil i ty almost disappeared. 

Not only is it a s  y e t  unknown what X is, but we know even l e s s  why it changes 

p e r i o d i c i t y  every day. Now, it seems t o  me not unl ike ly  t h a t  it is t h e  a l t e r n a t i o n  

of day and night  which causes t h i s  per iodic i ty .  By l i g h t i n g  during t h e  day, 

then,  t h e  i n t e n s i t y  of X should increase  o r  decrease. F ina l ly ,  n y c t i n a s t i c  

movements should a l s o  develop by t h e  change of night  and day, but now i n  an 

i n d i r e c t  way. 

When X is one o r  another f a c t o r  i n  the  atmosphere, it i s  t o  be understood 

t h a t  i t s  d a i l y  changes must be made f e l t  a l s o  i n t e r i o r l y ,  i n  dark chambers, so  

t h a t  i n  continued l i g h t  o r  darkness, with a l l  condi t ions  cons tant ,  t h e  per iodic  

changes of t h i s  unknown make s l eep  movements of t h e  leaves continue. 



Cremer [ll] i n  1923 found, remarkably enough, t h a t  i n  a mine s h a f t  a l l  

movements of leaves ceased. I f  he brought them i n t o  t h e  dark chamber a f t e r -  

wards, under corresponding condi t ions ,  then t h e  movements returned and reversed. /99 - 
This has a l l  t h e  appearances of indica t ing  t h a t  i n  t h e  mine s h a f t  a faekor 

was missing which is always present  above t h e  ground. 

In summary, we can say,  not a s  an explanation but a s  a working hypothesis ,  

t h a t  t h e r e  is an unknown f a c t o r  X i n  t h e  atmosphere which undergoes changes 

i n  a d a i l y  period,  perhaps a s  a r e s u l t  of t h e  i l luminat ion  during t h e  day and 

t h e  darkness a t  n ight .  Dif ferent  p l a n t s  have s p e c i a l l y  arranged organs, t h e  

nodes, which a r e  extremely s e n s i t i v e  t o  t h e  mentioned changes of X, causing 

turgor  d i f fe rences  i n  t h e  node which bring a l e a f  o r  a l ea f  s t a l k  o r  l e a f l e t  

i n t o  a des i red  pos i t ion .  

By l i g h t ,  t h e  sens i t iveness  of nodes considerably increases ;  f i n a l l y  an 

abnormal condit ion develops which makes t h e  movements i r r e g u l a r ,  o r  br ings  them 

t o  a s top.  

The small swings i n  t h e  daytime pos i t ion  a r e  no d i r e c t  r e s u l t  of external  

s t i m u l i ,  f o r  they occur only when t h e  l ea f  s tands  hor izon ta l ly ;  they a l s o  

occur even i f  i t  i s  dark,  f o r  instance during a 24 hour period. 

The s t a t i c  momentum of t h e  blade with respect  t o  t h e  node is g r e a t e s t  when 

t h e  l ea f  s tands  hor izonta l ly .  

I t  is then when small changes i n  t h e  turgor  of t h e  node's lower s i d e  

(caused by metabolism, evaporation, e tc . )  should make themselves f e l t  t h e  

s t ronges t  i n  t h e  form of a more o r  l e s s  l a r g e  up and down movement of t h e  

l e a f  blade. 

What i s  X? I can be b r i e f ,  s ince  t h e r e  i s  no s i n g l e  pos i t ive  datum t o  

be found. Stoppel [48-501 came t o  t h e  conclusion t h a t  t h e  conductive capaci ty  

o r  t h e  ion content of t h e  atmosphere is t h e  cause of s l eep  movements, and he 

t r i e d  t o  prove t h i s .  These demonstrations a r e ,  however, r a t h e r  problematic, 

and by t h e  inves t iga t ions  of Schweidler [371 and Sper l ich  and Hans Crener [ l l l  

t h e i r  e f f e c t  was discounted,  a s  soon as  Stoppel presented them. I could never 

observe any influence a s  I arranged my p l a n t s  i n  an i so la ted  p lace ,  o r  when, 

with t h e  a id  of an accumulator, I l e t  a current  pass from leaves t o  r o o t s ,  o r  

v i c e  versa ,  For t h a t  mat ter ,  t h e  cut  leaves and t h e  stems which stood i n  /lo0 - 



b o t t l e s  wi th  water had a normal movement, r e g a r d l e s s  of how completely i s o l a t e d  

they  were. 

The whole a r e a  of e lec t rophys io logy  is s t i l l  so  much i n  i t s  s t a r t i n g  s t a g e  

and is s o  c l o s e l y  connected wi th  t h e  phenomena of phys ica l  chemistry t h a t  it  

could not  be p o s s i b l e  t o s e t  up one o r  another  random hypotheses. A s  long a s  

we d i d  not  have a s i n g l e  f i nd ing  by experiment,  however, it seems b e t t e r  not 

t o  launch any a r b i t r a r y  theory ,  I t  is unquest ionable,  meanwhile, t h a t  e l e c t r i -  

c i t y  and r a d i o a c t i v i t y  p lay  a r o l e  i n  p l an t  l i f e .  We s e e  evidence of t h i s  

i n  t h e  many phenomena which Rosa Stoppel  repor ted  i n  1916 and 1920, f o r  ins tance .  

S ince  t h i s ,  Kurt S t e r n  C441 wrote ,  i n  1924, a very comprehensive work on e l e c t r o -  

physiology, wherein new pa ths  were ind ica t ed  f o r  inveskiga t ion .  And r e c e n t l y  

(1925),  Blaauw 151 and Van Heyningen have e s t ab l i shed  a radium growth r e a c t i o n  

which was caused by gamma rays .  This  r e a c t i o n  is opposed t o  l i g h t  growth r e a c t i o n s ,  

whereas from i ts  t e s t s  it appears  t h a t  i t s  percept ion  is a l s o  d i f f e r e n t .  

Fu r the r  i n v e s t i g a t i o n s  engaged i n  t h e  essence of Fac tor  X should t h u s  

move i n  t h i s  d i r e c t i o n .  But i n  f u r t h e r  experimentation on t h e  f i e l d  of 

nyc t inas ty ,  we should not  i l l umina te  t h e  whole p l an t  with b i g  lamps; but r a t h e r ,  

s m a l l  l i g h t  bundles should f a l l  only upon t h e  nodes t h a t  a r e  i n  ques t ion ,  i n  

o r d e r  t h a t  we be a b l e  t o  l e a r n  about t h e  inf luence  of d i f f e r e n t  l i g h t  i n t e n s i t i e s ,  

and of  d i f f e r e n t  rhythms. I n  each case  we should adduce a reversed  period t o  

p l a n t s  which were s tanding  f o r  some t ime i n  cons tan t  darkness ,  and we should 

work wi th  s t e a d i l y  decreas ing  l i g h t  i n t e n s i t i e s .  Then it w i l l  be  poss ib l e  t o  

determine t h e  l i g h t  i n t e n s i t y  whereby a r e v e r s a l  of t h e  per iod  is st i l l  j u s t  

poss ib l e .  

It is a l s o  of  very g r e a t  importance t h a t  we i n v e s t i g a t e  whether l i g h t  of 

d i f f e r e n t  wavelengths has d i f f e r e n t i a l  e f f e c t s  on t h e  pe r iods ,  and which l i g h t  

type  has t h e  supposed "harmful" inf luence .  

I t  must a l s o  be more accu ra t e ly  determined what in f luence  temperature,  

humidity,  evaporat ion,  cond i t i on  of t h e  cutaneous stomata,  and a s s i m i l a t i o n  

have. Perhaps t h e r e  should a l s o  be connect ion made between t h e  occurrence of /lo1 - 
small swings i n  t h e  day l igh t  p o s i t i o n  of t h e  leaves  and c e r t a i n  changes of t h e  

mentioned phys io logica l  processes .  

I n  add i t i on ,  t h e  i n v e s t i g a t i o n s  of Cremer i n  t h e  mine s h a f t s  must be 

continued. 



CHAPTER I V  

C l  i n o s t a t  Tes ts  

I s h a l l  f i n a l l y  r epor t  on t h e  behavior of Canavalia p l a n t s  when upside 

down and when revolving on t h e  c l i n o s t a t .  When a p lant  i s  s e t  down upside 

down, t h e  l ea f  blades tu rn  a t  t h e  nodes so  completely t h a t  t h e  upper s i d e  is 

again facing t h e  l i g h t  a s  much a s  possible.  The lower s i d e  is hence pressed 

against  t h e  leaf  s t a l k s ,  which point  downward a t  an angle of 45'. There is 

no more movement; they stand unchanged a l l  day. I f  they a r e  l a t e r  returned 

t o  a  normal pos i t ion ,  then a f t e r  24 hours t h e  pos i t ion  of leaves and t h e i r  

movement is again normal. 

Canavalia the re fo re  does not belong t o  t h e  geonyctinast ic  p l a n t s  a s  d i s t i n -  

guished by Fischer C151; these  p l a n t s ,  when placed upside down, continue the  

movements of t h e i r  leaves unchanged with respect  t o  t h e  ground. 

Canavalia is f o r  t h e  same reason not a  member of t h e  autonyct inas t ic  

p l a n t s ,  which leave  t h e  movements of leaves  unaltered with respect  t o  t h e  

p lant  when placed upside down. 

If t h e  p l a n t s  a r e  turned about t h e  hor izonta l  by a c l i n o s t a t ,  s o  t h a t  t h e  

s t a l k  is along t h e  prolongation of t h e  a x i s ,  then a f t e r  two days t h e  l ea f  s t a l k s  

are  so revolved t h a t  they stand exact ly  perpendicular on t h e  stem of t h e  p l a n t ;  

t h e  l ea f  blades point  obliquely on t h e  s t a l k ,  with t h e  t i p s  in contact  with 

t h e  s t a l k .  I made both tests repeatedly i n  constant l i g h t ,  a l s o ,  and always 

obtained t h e  same r e s u l t :  24 hours a f t e r  replacement i n  a  normal pos i t ion ,  

t h e  pos i t ion  and t h e  movements were again normal. 

It was i n t e r e s t i n g  t h a t  t h e  movements of leaves stopped d i r e c t l y .  Stoppel 

C481 i n  1916 worked with cu t  leaves and found t h a t  leaves  whose s t a l k  stood /lo3 - 
perpendicular on the  c l i n o s t a t  ax i s  ( a s  my p l a n t s  were posi t ioned) kept t h e i r  

movement only once, then i n  a  reversed period,  a f t e r  which t h e  movements became 

completely regular .  When Phaseolus was s e t  upside down, t h e  movements continued. 

The l ea f  t i p s  genera l ly  turned toward t h e  ground i n  the  morning. Hence i n  t h i s  

case t h e  d i f fe rence  between Canavalia and Phaseolus is very grea t .  Many more 

t e s t s  ought the re fo re  t o  be made i n  t h i s  f i e l d ,  t o  explain these  f a c t s ,  
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REVIEW OF THE M A I N  RESULTS 

1. A l l  t e s t s  were made wi th  a s i n g l e  p l a n t  s p e c i e s :  Canavalia ensi-  

formis ,  D.C. 

2. A new method was used, whereby t h e  recording became much more 

accura te .  

3 .  When movements of  s e v e r a l  p l a n t s  were recorded s imultaneously,  t h e  

mutual curves show much agreement, even though t h e  p l a n t s  were derived from 

Leiden o r  Surinam seeds.  This i n d i c a t e s  t h a t  an e x t e r n a l  f a c t o r  (o r  a complex 

of f a c t o r s )  must be assumed a s  cause. 

4 .  There is no d i f f e r e n c e  between summer and win te r  curves,  I n  a d d i t i o n ,  

t h e  curves s c r i b e d  by p l a n t s  i n  t h e  greenhouse and p l a n t s  i n  t h e  dark  chamber 

show many p o i n t s  of  agreement. 

5. When l e a f  b lades  were packed i n  whi te  o r  b l a c k  paper ,  t h e  type  of 

movements remains unchanged, though t h e  amplitudes were somewhat smal le r .  

6. Cut leaves  continued t h e i r  movements f o r  days ,  provided t h a t  t h e  l e a f  

s t a l k  w a s  removed. I f  it is p r e s e n t ,  t h e  leaves  w i l l  w i l t  a f t e r  a few days. 

7. Leaves kept  e n t i r e l y  under water  a r e  immobile. They do no t  r e a c t  t o  

temperature d i f f e r ences  o r  t o  a change i n  i l luminat ion .  

8. If t h e  upper h a l f  o f  t h e  l e a f  blade node is removed, t h e  leaves  con- 

t i n u e  t h e i r  d a i l y  movements, on ly  wi th  t h e  d i f f e r e n c e  t h a t  i n  t h e  evening t h e  

l e a f  droops l e s s ,  and during t h e  day it s t ands  ob l ique ly  upward. 

Af t e r  remove1 of t h e  lower s i d e  of  t h e  node, t h e  l e a f  droops u n t i l  t h e  

p o i n t  con tac t s  t h e  stem. Then it does not  move any f u r t h e r .  

9. I t  can be explained only  by assuming t h a t  t u r g o r  i n  t h e  upper h a l f  

is very l a r g e  b u t  cons tan t .  Meanwhile, t h e  t ens ion  of t h e  lower s i d e  changes 

p e r i o d i c a l l y ,  due t o  a s t i l l  unknown s t imulus  which is  c a l l e d  X. 

10. The curves of  European and West Indian p l a n t s  a r e  e s s e n t i a l l y  

s i m i l a r  t o  each o the r .  The l a t t e r  a r e  t h e  s t r o n g e s t  and a b l e  t o  r e a c t  b e t t e r .  



11. I f  Canavalia is ra i sed  i n  constant  l i g h t  and a t  constant  temperature 

and humidity, then t h e  s l eep  movements seem t o  s t i l l  be present .  But they 

a r e  not very regu la r  and very r e s t l e s s .  This  must be ascribed t o  a harmful 

influence of l i g h t .  

12. A period of 24 hours l i g h t  and 24 hours dark is easy t o  induce. The 

highest  pos i t ion  of t h e  leaves comes then i n  t h e  dark period,  t h e  lowest i n  

t h e  l i g h t  period,  i n  con t ras t  with t h e  normal curve a t  which t h e  highest  

pos i t ion  f a l l s  i n t o  l i g h t ,  and t h e  lowest i n t o  darkness. 

13. I f  af terwards the  leaves  come i n t o  constant  l i g h t ,  then very soon 

t h e  normal period r e t u r n s ,  but with smaller  amplitudes. 

14. It appeared t h a t  t h e  stems ( i .e . ,  t h e  l ea f  s t a l k ,  with t h e  l e a f  blade 

node and only t h e  midrib) continue periodic movements f o r  a few days, even 

though t h e  node is wrapped i n  black cotton.  Thus, ass imi la t ion  is not a 

necessary requirement f o r  nyc t inas t i c  movements. 

15. Leaves which a r e  s t i l l  at tached t o  t h e  p l a n t ,  and cut  leaves,  could 

e a s i l y  be  brought t o  reverse  t h e  rhythm of t h e i r  movements, so t h a t  they assume 

t h e  dayl ight  pos i t ion  a t  n igh t ,  and v i c e  versa. 

16. For t h e  course of t h e  r e v e r s a l ,  it is i n d i f f e r e n t  whether t h i s  happens 

by f i r s t  keeping t h e  l i g h t  burning i n  t h e  evening, o r  by f i r s t  leaving it dark 

i n  t h e  morning. 

17. I f ,  a f t e r  t h e  period of t h e i r  movements is reversed,  t h e  leaves  come 

i n t o  complete darkness, then a f t e r  a few days t h e  normal period re tu rns  again. 

I f ,  however, t h i s  happens a f t e r  r eve r sa l  i n t o  constant  l i g h t ,  then a f t e r  24 

hours t h e  o r i g i n a l  period already r e t u r n s ,  jus t  t o  ge t  again i r r e g u l a r  a f t e r -  

wards. 

18. Based o n t h e s e t e s t s  we came t o  t h e  conclusion t h a t  most ind ica t ions  

a r e  i n  favor  of an ai t iogenous reac t ing  capaci ty ,  and not of an autonomous, 

h e r e d i t a r i l y  es tabl i shed mot ion phenomenon. 

The working hypothesis which r e s u l t s  from t h i s  is :  

In t h e  atmosphere the re  is a Factor  X ,  which undergoes periodic changes 

each day (perhaps by t h e  a l t e r n a t i o n  of night  and day).  

The nodes a r e  extremely s e n s i t i v e  organs i n  which, under t h e  influence 



of these  changes i n  X ,  a change occurs i n  t h e  tu rgor  of t h e  lower s i d e  of t h e  

node, which brings t h e  l e a f  blade i n t o  night  o r  day pos i t ion .  

The small swings which always occur when t h e  l e a f  s tands hor izonta l ly  

a r e  caused by small changes i n  t h e  tension of t h e  lower s i d e  of the  node, due 

t o  metabolism. I n  t h i s  pos i t ion ,  t h e  weight of l ea f  blade exerc ises  t h e  g r e a t e s t  

influence on t h e  node; thus ,  a small change i n  turgor  r e s u l t s  i n  a f a i r l y  

l a rge  movement. 

19. Periodic blowing of "illuminated" a i r  along t h e  leaves has no e f f e c t  

upon t h e  movements. 

20. When t h e  lamp is wrapped i n  an a i r t i g h t  b lack  c l o t h ,  t h e  l i g h t  no 

longer exerc ises  inf luence  on t h e  p lan t s ;  t h e  movements cannot be reversed. 

21. Leaves on p l a n t s ,  cu t  leaves and stems continue t o  move very regu la r ly  

i n  constant  darkness. 

22. In constant  l i g h t ,  movements become i r r e g u l a r ,  whereas t h e  amp1 i tudes  

become smaller . 
23. It fol lows from t h i s  t h a t ,  i n  addi t ion  t o  what has been sa id  i n  

18 ( l i g h t  increases  t h e  sens i t iveness  f o r  X;  s e e  1 7 ) ,  l i g h t  harms t h e  funct ion  

of nodes more o r  l e s s ,  whereby t h e  course of movements becomes i r r egu la r .  

24. The d i f fe rence  between Phaseolus and Canavalia is small. The nodes 

of t h e  f i r s t  a r e  much more s e n s i t i v e  t o  l i g h t ,  s o  t h a t  " l igh t  r i g i d i t y "  does 

develop. 

Wrapping these  nodes i n  black cot ton  l e s sens  t h e  influence of l i g h t ;  t h e  

movements continue more o r  l e s s  i r r e g u l a r l y  ( P f e f f e r ) .  

Rigid i ty  by darkness ("Dunkelstarre") is t h e  beginning of t h e  dying /lo7 - 
process,  representing too  grea t  a metabolic disturbance.  (1t does no t ,  there-  

f o r e ,  occur i n  well-fed e t i o l a t e d  p lan t s ;  Stoppel ,  1912). In Canavalia, t h e  

d is turbances  a r e  apparently much smal ler ;  the  p l a n t s  continue t o  grow f o r  

days i n  t h e  dark. 

25. Tenta t ive  t e s t s  on t h e  c l i n o s t a t  revealed t h a t ,  when Canavalia p l a n t s  

a r e  revolved in t h e  prolongation of t h e i r  hor izonta l  a x i s ,  t h e  leaves stand 

s t i f f  with t h e i r  t i p s  agains t  t h e  stem and become motionless. The leaf  s t a l k s  

then stand perpendicular on t h e  stem. 



26. I f  t h e  p l a n t s  a r e  placed upside down, t h e  movements cease  immediately. 

In  both c a s e s ,  a f t e r  replacement t o  normal p o s i t  i on ,  t h e  mot ion capac i ty  r e t u r n s  

i n  24 hours.  
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THESES 

The e l e c t r o l y t i c  method is not  s u i t a b l e  f o r  t h e  de te rmina t ion  of proto- 
plasma permeabi l i ty .  

Light i nc reases  protoplasma permeabi l i ty .  (W. Lepeschkin, Beih. Bot. Zbl . ,  
1909, 24). 

I n  photo t rophic  curves,  it is not  permi t ted  t o  e n t i r e l y  neg lec t  t h e  growth 
r e a c t i o n  on t h e  r eve r se  of t h e  l e a f .  (Van Di l l ewi jn ,  V e r s l .  Kon. Acad. Amsterdam, 
1925)-  

The agent of  tobacco and tomato mosaicism can be c u l t i v a t e d  i n  an arti- 
f i c i a l  agar .  

For t h e  c o n t r o l  of  b l i g h t  and anthracnose of beans and o t h e r  p l a n t s ,  
t r i a l s  should be made by spraying wi th  Bordeaux mixture and o t h e r  fungic ides .  

When a s p e c i f i c  mold occurs  on a  p l a n t  s p e c i e s ,  it is p o s s i b l e  t h a t  
t h i s  mold f a l l s  i n t o  a  number of types  which have s p e c i a l i z e d  themselves on 
d i f f e r e n t  p a r t s  of  t h e  p l a n t .  

The family t r e e  of Compositae according t o  Small is t h e  most s a t i s f a c t o r y .  

V I I I  

The r e g u l a t i o n  of body temperature i n  i n s e c t s  is independent of t h e  
nervous system. 

Rather than  having knowledge of s i x  p l a n t  f a m i l i e s ,  it is d e s i r a b l e  
t h a t  a t  t h e  f i n a l  examination of  secondary schools  having a 5-year course ,  
candidates  a r e  a b l e  t o  c l a s s i f y  ( p l a n t s ) .  



I t  is necessary t h a t  secondary schools  wi th  modified curr iculum (e .g . ,  
L i t .  Econom. Div is ion)  should dea l  w i th  a few s u b j e c t s  from General Biology. 


